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PREFACE TO SECOND EDITION 


In the preparation of a second edition of ‘“‘ Direction and 
Position Finding by Wireless,’ many sections of the book 
‘have been re-written and the title has been slightly changed 
in order to include directional aerial systems in addition to 
those used purely for direction finding. The original second 
chapter on “ The Theory of D.F.’”’ has now been amplified 
and re-arranged more logically in the second, third and fifth 
chapters of the new edition, whilst further chapters have been 
added on Rotating Frame Systems of D.F. and Beacon Trans- 
mitters. The Valve Amplifier chapter has been omitted, 
the subject having grown too complex for adequate treatment 
in the space available. Whilst the bulk of the information 
in the book is applicable to all types of direction finding 
equipment, the practical shore and ship installation chapters 
and also that on Faults and Maintenance again deal chiefly 
with the. Bellini-Tosi system. The chapter on the Aircraft 
D.F. Installation is still necessarily very curtailed. Although 
there has been much activity in this direction, there are few 
concrete designs of aircraft D.F. available for inclusion here. 
Chapter 12, however, gives an outline of the problem of aircraft 
wireless navigation and the general trend of aeroplane D.F. 
design in this country at the present time, and in this con- 
nection the writer is much indebted to Mr. S. B. Smith for the 
benefit of his experience. A certain amount of airship D.F. 
work has been done but very little useful- information on the 
subject has been released. The section on Field and Nautical 
Astronomy has been re-written so as to include. a variety 
of methods of finding the direction of True North, experience 
having shown that this information is of considerable use in 
D.F. work and Directional Reception and is not always available 
in a convenient form. In preparing this section, acknow- 
ledgment is due to the publications mentioned in the text and 
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also thanks to Major A. E. Levin for correcting the worked 
examples and subject matter. 

For the supply of data and photographs regarding the 
Rotating Frame systems, the author wishes to thank : 

Mr. F.W. Dunmore and The Bureau of Standards. 


Washington. 

Dr. S. H. Long and Messrs. Siemens Brothers & 
Company, Ltd. London. 

Mr. F’, Kroger and The Radio Corporation of 
America. New York. 

Dr. Abraham and The Gesellschaft fiir Drahtlose 


Telegraphie. (Telefunken.) Berlin. 

Mr. L. Bainbridge-Bell and The Radio Communication Com- 

| pany, Ltd. London. 

Captain Brenot and The Société Frangaise Radio- 

Eléctrique. Paris. 
Mr. F. A. Kolster and The Federal Telegraph Company. 
Palo Alto, California. 
Commander J. A. Slee and The Marconi International 
(Be SNe Marine Communication Company, 
Ltd. London. 
also Messrs. Marconi’s Wireless Telegraph Company, Ltd. 
for their permission to publish particulars of the Marconi- 
Bellini-Tosi system. 

Thanks are also due to Mr. F. Addey for reading the proofs 
and for many useful suggestions, and to Mr. G. M. Wright 
for reading the manuscript and proofs and for his valuable 
help and advice on many occasions. Other acknowledgments 
are made in the text. 

The author has to apologize for a number of mistakes 
and misprints in the first edition and hopes that readers 
will again be good enough to write pointing out errors and 
making suggestions, with a view to aU CERBRERE the value of 
any: future edition. ,;~ | 

= R. KEEN. 
. shea) Bepiembel, 1927. 
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CHAPTER: 1 
INTRODUCTION 


Directional Transmission. In looking back through the 
early history of the study of Electro-Magnetic Wave pheno- 
mena, it is found that attempts were made to obtain directional 
transmission long before the subject had any practical appli- 
cation for the purpose of telegraphic communication. The 
primitive transmitting apparatus used in these early in- 
vestigations was capable of radiating only comparatively 
low,.power, and since the receiving devices were also of an 
insensitive nature, it appeared. essential to adopt some means 
of concentrating the radiated power in the form of a beam 
directed towards the receiver. By this means it was hoped 
to avoid the losses which result from transmitting broadcast 
in all directions with equal intensity. 

In an historical note in this introductory chapter, some of 
the outstanding experiments on directional transmission and 
reception during the last quarter of a century have been 
briefly mentioned, and during this period wireless telegraphy 
has passed through the various stages from a laboratory ex- 
periment in practical physics to an almost universal and 
international method of communication of ever increasing 
importance. 

Directive Transmission and Reception. As the means 
of radiating greater amounts of power were developed and 
receivers were made more sensitive, it was found that com- 
munication could be carried out over distances up to many 
hundreds of miles with aerial systems which were only slightly 
directional in their properties, and so the urgency for beam 
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transmission, for economic reasons and in order to obtain the 
desired range, became less apparent. 
It had, however, been realised for a long time that if wireless 


' transmitters or receivers could be given accurate directive | 


properties as, for example, a definite maximum radiating or 
receiving property in one direction and a definite minimum 
(or zero) radiating or receiving property in another direction, 
the scope of wireless communication could be extended and the 
position of a transmitting station could be found by purely 
wireless means. 

It is these precise directive properties as applied to position 
finding and navigation rather than the merely directional 
properties of a transmitter for economic reasons, which are 
chiefly dealt with in the ensuing chapters, and more particularly 
the directive receiving station. A certain amount of infor- 
mation is, however, also included regarding the closely allied 
subject of ‘‘ Directional Reception”’ for the elimination of 
atmospherics and interference from other stations during the 
reception of commercial traffic. | 

Comparison of Visual and Wireless Means of Direction 
and Position Finding. The operation of direction finding 
and navigation by wireless is closely allied to the visual means, 
and a comparison of the two methods indicates clearly the 
value of the former, but also its limitations. Suppose that 
the noise from a passing aeroplane attracts our attention, and 
we notice that a machine of such and such a registered number 
is flying 500 feet high and that it is, at the moment, about a 
quarter of a mile north of us. All this information can be 


obtained from a comparatively rapid glance, and this is — 


rendered possible owing to our eye-brain combination which 
interprets the effect of light reflected from the aeroplane and 
surrounding country, in the form of the information mentioned 
above. 

Limitations of the Visual Method. Had the aeroplane 
been several miles distant, our attention would not have been 
attracted in the first place because we should not have heard 
the noise. Again, if the machine had been obscured by 
fog, all visual means of gaining information would have been 
ruled out. Wireless telegraphy has enabled communication 
to be carried out between aircraft, ships or shore stations 
when the distances are enormously greater than could possibly 
be spanned by any visual means, but it was in order that 
we might virtually see by wireless means, over these great 
distances, as well as hear which has stimulated the develop- 
ment of the wireless direction finder. 
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COMPARISON OF WIRELESS AND VISUAL. D.F. 


Propagation of Light and Wireless Waves. Both 
Light and Transmitted Wireless Energy are forms of vibration 
or wave motion in a medium known as the “ ether,” which 
pervades the whole of space. Both are normally propagated 

in straight lines with a velocity of approximately 186,000 
miles per second. Light is made manifest to us because the 
speed of vibration of the ether corresponding to light of various 
colours is able to affect the eye-brain combination whilst, 
on the other hand, we have no sense capable of perceiving, 
even to the smallest degree, the existence of the relatively 
“much slower vibrations in the ether which correspond to the 
transmission of what we term “‘ wireless energy.” 

The way in which these waves are actually detected is by 
their conversion into some other form of energy such as sound, 
which can be perceived by a sense which we already possess, 
and it will be assumed that the reader already has some know- 
ledge of how this conversion is achieved. 


DIRECTION FINDING BY WIRELESS MEANS 


Directive Reception. The Direction Finder (D.F.) is a 
type of wireless receiving station which, in virtue of the 
properties of a certain type of aerial system, makes it possible 
to find the horizontal angle of incidence of received signals 
relative to some standard, which is almost universally taken 
as the direction of true North. The process of taking the 
bearing of the distant station consists in rotating the directive 
aerial system until a certain alteration in the intensity of the 
signals indicates to us that the plane of the aerial system and 
the direction of incidence of the wireless signals bear some 
definite prearranged relation. The rotating portion of the 
system is calibrated from 0° to 360° set out in a clockwise 
. direction, that is to say, from North, through East, South 
and West, so that the resulting angle will be measured off 
as a bearing in degrees East of North. This operation can 
be carried out no matter what distance the source of the 
signals is from the receiving station, so long as the signal 
intensity is great enough for aural reception. | 

Position Finding by Directive Reception. Just as 
distances judged by the naked eye are liable to serious errois 
owing to optical illusions, etc., so the distance of a wireless 
transmitting station judged by the strength of received signals 
is also only very roughly correct, although in both cases 
experience will bring a measure of accuracy. 
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Suppose, for instance, that the operator at a D.F. station 
at A in Fig. 1 observes the bearing of an aeroplane to be 61° 
East of North, then the machine must be somewhere on the 


a 57 


Fig. 1.—Direction Finding by a single D.F. Station at A. 


line Aa. From experience he might be able to estimate the 
distance as between 10 and 15 miles, but obviously it would 
be very unsatisfactory and dangerous, when requested by an 
aircraft for a position during fog, to use the true bearing and 
estimated distance in this way. 

In practical position finding, therefore, it is usual to erect 
two or more D.F. stations and to employ the triangulation 
methods of ordinary surveying. Thus, in Fig. 2, if A and B 


N 


-_ eer 
‘ * 


See 

! 

| 

Fig. 2.—Position Finding by Directive Reception at two 
D.F. Stations A and B. 


are two D.F. stations and C is an aeroplane having a wireless 
installation, then if the directions of the incident waves at 
each of the D.F. stations be found relative to the direction of 
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North, and if these directions are laid off on a map Aa and 
Bd, then the position of the aeroplane must be at the inter- 
section of the two lines. In Chapters 6 and 7 the subject is 
dealt with from a practical standpoint, and there is also in- 
troduced the important modification of the above methods when 
the directive receiver is located in the aeroplane or ship, as the 
case may be, enabling the observer on the mobile station to 
note the bearings of fixed transmitting stations and use them 
for navigational purposes. 

Accuracy of the Wireless Direction Finder. The 
guaranteed limit of accuracy of a commercial! direction finding 
installation is usually in the neighbourhood of 1° for a shore 
station and rather less than this, say 2°, in the case of a D.F. 
installed in a ship. Greater accuracy than this can be secured 
on a shore station if required, and, indeed, usually is secured 
over large sectors of the arc over which the station operates, 
but there are frequently a few residual errors, and an all round 
figure of 1° at the time of installation is all that is normally 
required. The accuracy with which the position of a wireless 
transmitter can be located by a number of D.F. stations, is 
discussed in Chapter 7. 

It is difficult to obtain as high a degree of accuracy in a ship ~ 
as on a shore D.F. station for a variety of reasons which are 
mentioned later, and, furthermore, the same standard is not 
required at sea. The problem of aerial wireless navigation is 
more difficult still, owing to the high speed and erratic motion 
of an aeroplane. The function of the Direction Finder in a 
ship, however, is to provide a check on the older-established 
methods of navigation, and to be of assistance to the navigator 
during thick weather, by providing him with relative bearings 
of certain wireless transmitting stations and wireless beacons, 
the positions of which are known. By this means he is often 
able to find his position after a long stretch of “ dead 
reckoning.” 3 

Accuracy and Sensitivity. Accuracies of a quarter and 
a tenth of a degree are heard of sometimes, but these are 
usually laboratory figures and are not obtained day after day 
on commercial stations. Still more frequently it wil) be found 
that the writer is confusing Accuracy with Sensitivity. It is 
a comparatively straightforward matter to make a D.F., 
which, by careful attention to detail and thorough screening, 
will have so well defined a directive effect that variations 
of a quarter or a tenth of a degree can be detected in an ob- 
served bearing, but this is no criterion of the accuracy of the 
instrument as a direction finder. This depends on a very 
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large number of other factors in addition to the precision of the 
apparatus used. 


HISTORICAL NOTES 


Although some of the methods adopted in the early days 
for directional transmission have no application in the modern 
direction finder, a short historical record is of interest, as it 
shows the development of the present-day apparatus. The 
early history of the subject is also dealt with in an editorial 
in The Electrician (12) and by Bellini (98). 

Mirror Reflectors. Hertz, in his extremely important 
original researches, demonstrated the fact that both light and 
electro-magnetic radiation were similar forms of energy by 
showing that they could both be reflected in the form of a beam 
by means of mirrors (1). For the purpose of concentrating 
the transmitted electro-magnetic wave motion, he made use 
of cylindrical parabolic mirrors about two metres high and one 
metre in width and obtained successful results, using a wave 
length of about two-thirds of a metre. 

In later years when Marconi attacked the great problem of 
practical wireless communication, he also made successful use 
of copper parabolic mirrors and was enabled to detect, at a 
distance of two miles, the beam transmitted in this manner 
(3), (215). i | 

Screening. Experiments were carried out in Germany 
by Zenneck in I900 in connection with the screening of a 
vertical aerial in certain directions, by the erection of addi- 
tional vertical wires (99). From his own accounts of his work, 
it would appear that Zenneck was on the verge of important 
discoveries regarding the properties of spaced aerials, but the 
experiments seem to have been discontinued after moderately 
promising results had been obtained. 

In other countries work was being carried out along similar 
lines and led to the complete wire screen or reflector which 
superseded the mirror for this purpose. 

Screen Reflectors. The employment of mirrors became 
impracticable when use was made of a wave length of anumber 
of metres, as it is necessary that the size of the mirror should 
at least be comparable with the dimensions of the wave length 
employed. (An optical mirror, for instance, of one centimetre 
in diameter is more than a hundred million times the dimen- 
sions of the greatest wave length it is required to reflect.) A 
number of inventors realised, however, that a satisfactory 
reflector could be formed of vertical wires, spaced about the 
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transmitting aerial in the form of a parabolic screen and 
arranged so that the transmitting aerial was at the focus, 
or along the focal line of the cylindrical mirror so formed. 
Patents were granted to S. G. Brown in 1899 and to Lee de 
Forest in 1902 for inventions of this nature and modifications 
of this type of reflector are in use at the present day. 

Horizontal, Inclined and Bent Aerials. From 1900 
onwards, the attention of a number of experimenters has been 
turned to the use of aerials having a horizontal portion, and 
accounts were published by Galliot (9), Kiebitz (55), Marconi 
(8), and a patent was applied for by de Forest in rgor for a 
radiator having both vertical and horizontal limbs. 

fF. Braun in 1902 obtained a degree of directional effect 
with a straight inclined aerial (16), (5), (7), and the use of 
horizontal aerials close to the ground, for the same purpose, 


7 SL 4 ee Bie! 7 iA 
Fig. 3.—The Marconi “‘ Inverted L”’ Aerial. 


has been proposed by other workers, including Marconi, 
Zehnder (73) and Kiebitz (66 and 75), and these “‘ grounded 
aerials ’’ still have a limited field of use. — | 

Of the above methods of obtaining directional transmission 
or reception, the one which had the greatest promise of wide 
commercial application, by the employment of a bent aerial, 
was the Marconi inverted L aerial, which is shown diagrammati- 
cally in Fig. 3. If the horizontal limb of such an aerial be 
made considerably longer than the vertical portion, the radiat- 
ing (or receiving) property-is found to be greater in a direction 
opposite to that in which the horizontal limb is pointing (15), 
(65). In r905, Marconi patented the combination of an in- 
verted L transmitting aerial with a similar receiving aerial, 
claiming that very appreciable directional effects could be 
obtained in this manner. A further patent was taken out in 
1906 for a method of direction finding in which a number of 
- inverted L aerials were erected with the horizontal portions 
equally spaced in a radial manner about the receiving apparatus. 
On connecting the aerials in turn to the receiver, the one 
which gave the greatest signal intensity was assumed to be 
pointing away from the distant station, and hence the direction 
of the incident waves could be found approximately. 
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This type of aerial is still in common use, but in the case 
of the inverted L transmitting aerial, the directional properties 
have been somewhat eclipsed by the value of this particular 
form of construction as a means of obtaining an aerial of large 
capacity. | 
~ Spaced Aerials. The augury of accurate wireless direc- 
tion and position finding may be said to date from the early 
investigations of the radiation of a system of two (or more) 
aerials, the currents in which bore definite phase and ampli- 
tude relations one with another. In such a case the received 
energy at any distant station is that due to the combined 
effect of both (or all) the transmitting aerials, and whilst in 
some directions these may assist one another and give a 
maximum of received energy, there may be other directions 
from which the effects neutralise one another and the reception 
iS Zero. 

In Chapter 2 we shall investigate the way in which two 
spaced open aerials or a single closed loop aerial are affected 
by an incident wave and how such aerial systems come to 
have directive properties, but for the purpose of this brief 
historical survey it is enough to note that these properties. 
exist, and, moreover, that they have a very important bearing 
on modern methods of direction finding. : 

The polar diagrams of radiation or reception (page 23) for 
a large number of conditions of spacing of aerials and phase 
differences of the respective aerial currents, are described by 
Zenneck (99), Bellini (46), L. H. Walter (49), and a number of 
other writers. 

As early as 1899, S. G. Brown claimed directive properties 
for a system of two vertical aerials, connected to the spark 
balls of an induction coil and spaced half a wave length apart. 
Such an arrangement was shown to have maximum radiating 
and receiving properties in the plane of the two aerials. Patents 
were also granted to M. R. Garcia and to Lee de Forest for 
inventions of a similar nature, and in 1903, A. Blondel suggested 
another arrangement of two spaced aerials to obtain the same 
directive results as S. G. Brown. 

In 1902, the directive aerial system of S. G. Brown was 
adapted by J. Stone Stone for use as an actual direction finder, 
but since he proposed to rotate the two aerials, spaced half 
a wavelength apart, about a vertical axis midway between 
them, the suggestion was scarcely a practical one. These 
difficulties prevented S. G. Brown or J. Stone Stone from 
realizing a practical direction finder, but their achievements may 
be said to have laid the foundation of the more modern systems. 
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In 1906, Prof. F. Braun (7) described a method of obtaining 
a ‘“‘heart-shaped polar diagram of radiation’’ (page 32) by 
means of three vertical aerials situated at the corners of an 
equilateral triangle and in which currents, bearing definite 
phase relations with one another, were produced by a method 
devised by N. Papalexi and L. Mandelstam (11). 

A scheme for avoiding the necessity of rotating the spaced 
aerials of S. G. Brown and others was introduced in 1907 
by E. Bellini and A. Tosi, and the modern Bellini-Tosi aerial 
system is illustrated in Fig. 121. As originally devised, the 
~ aerials were open ones, although it wascommon practice to have 
them inclined so that the four upper ends of the aerials should 
be supported from a single central mast. In rg12, C. E. Prince 
modified the Bellini-Tosi aerial system by converting the 
four open aerials to two closed loops, although Bellini claims 
to have used closed loops before this date (106), and the pro- 
gress in the further development of the system forms the 
subject of Chapter 5.. 

Small Rotating Loop Aerials. One of the famous 
experiments of Hertz was to show that when a loop of wire 
containing a spark gap was held in certain positions in the 
neighbourhood of. apparatus which was radiating electro- 
magnetic waves, a spark would pass between the spark balls ; 
if, on the other hand, the orientation of the loop were slightly 
changed, but the loop kept at the same mean distance from 
the radiation, the spark would no longer be produced. He 
ascribed this to a property of the loop as an absorber, a 
characteristic which had probably been noticed even before 
this date by Fitzgerald. 

H. J. Round gives an account (154) of experiments which 
he carried out in New York in 1905 and 1906 which demon- 
strated the directive properties of frame aerials, and he also 
obtained a heart-shaped diagram of reception of approximately 
the form shown in Fig. 23 (c) by the combination of frame and 
open aerials, but largely owing to the insensitiveness of his 
detector, the work was abandoned. 

Later Progress. It was the European war, giving, 
as it did, such a great stimulus to all wireless progress, which 
also raised the direction finder from a comparatively un- 
developed state and resulted in the production, within a 
year or so, of a reliable instrument. The valve amplifier 
was largely responsible for this advance in D.F. work, as 
the increase in range of the apparatus, which had hitherto 
only been a few miles, and the increase in signal intensity, 
brought to light faults which had been overlooked in the 
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earlier designs. With the amplifier there came the “ aperiodic 
aerial ’’ development of the Bellini-Tosi system and also a 
very great increase in the popularity of the small frame 
aerial, both of which had been handicapped by the weakness 
of signals obtained with them by comparison with those 
from a normal tuned open aerial. | 

The development of directive transmission on short wave 
lengths has also been resumed, and a description is given on 
pages 40 and 235 of the aerial system used in the Marconi 
Beam transmitter and its application to the navigation of 
ships. | i 
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CHAPTER: 2 


DIRECTIONAL PROPERTIES OF AERIAL 
SYSTEMS 


PROPAGATION OF ELECTRO-MAGNETIC WAVES 


Mental Picture of Wave Propagation. It is not pro- 
posed to enter at any length into the theory of propagation 
of electro-magnetic waves ; for a mathematical discussion of 
this portion of the subject reference must be made to other 
books on wireless telegraphy. It is very helpful however to 
have some sort of mental picture of an ether wave, and a work- 
ing knowledge of the terms used in wave propagation, in order 
to learn how a simple open aerial “ receives,” and is quite 
essential to the proper appreciation of directional reception 
by complex systems of frame aerials. 

Electrical Component of Wave. Consider first of all a 
simple form of transmitting aerial consisting of a vertical wire 
containing a coupling to a transmitter. In the coil is induced 
an alternating E.M.F. of radio frequency which resuits in a 
current flowing alternately up and down the aerial wire and, 
since the wire has a certain capacity to earth, it forms a _ 
condenser and assumes alternately a positive and negative 
charge. At the instant when, say, the positive charge has 
accumulated on the aerial, there will be lines of electric strain 
between the aerial and earth, which lines, as explained in any 
book on physics, repel one another in a direction at right angles 
to their length, but, at the same time, are prevented from ex- 
panding indefinitely by their tendency to shorten themselves as 
much as possible. The whole system is illustrated in Fig. 4 (a), 
in which the lines of electric strain are shown bowed out due 
to their mutual repulsion. An instant later when the current 
flows down the aerial again, and the condenser discharges, 
these lines of electric strain collapse, but due to the energy 
stored in the aerial coil the current is made to continue to flow 
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down the aerial until the latter becomes a negatively charged ~ 
condenser and lines of electric strain are again formed, this time 
with opposite polarity. Again the lines collapse and the cycle 
starts once more. Now the ether of space in which these lines 
of electric strain exist is a medium having properties akin 
to elasticity and inertia which are the two essentials for the 
production of wave motion. As a result of this the lines of 
electric strain which are slipped off the aerial as it is charged 
and discharged con- 
tinue to travel out in 
all directions from the 
aerial as centre. The 
speed of this wave 
motion is the same as 
the velocity of light, 
namely, 290,820,000 
metres (or roughly 
186,000 miles) per 
second... . SIncé.-aEne 
aerial is being charged 
alternately positively 
and negatively, these 
loops may be marked 
with arrows as in Fig. 
4.(b) indicating the 
alternating electric 
strain. 

Magnetic Com- 
ponent of Wave. Al- 
though a static charge 
of electricity on an 


; ; | : 
Kase 3 bE Maen aerial—or elsewhere— 
KA FAAS 4. has only lines of elec- 
i ~ d oie F 
/ | tric strain between the 


Fig. 4.—Electro-Magnetic Wave Radiation charge and other sur- 
from a Vertical Aerial. faces of differing elec- 


trical potential, this is. 
not so for a moving charge constituting a current or for 
the wave motion just mentioned. Let us consider for a 
moment the laws of electro-magnetic induction (with which 
the reader is assumed to be more or less familiar). These 
state that when a conducting wire is made to move, broad- 
side on, across a magnetic field, an E.M.F. will be induced 
in the conductor and also a current, providing that there 
is a circuit. If either the direction of motion of the 
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conductor or the polarity of the magnetic flux be reversed, 
then the direction of the induced E.M.F. and the resulting 
current will also be reversed or, in other words, the three 
factors, Magnetic Flux, Direction of Motion, and Induced 
-E.M.F. are mutually at right angles, obey definite laws 
and cannot be dissociated one from another. Electro- 
magnetic wave motion forms an analogous case, for the 
direction of motion of the lines of electrical strain is radially 
from the aerial, the vertical lines of electric strain cor- 
respond to the E.M.F.’s induced in the conductor, and there 
are lines of magnetic force forming concentric circles about 
the aerial, and which lines are consequently at right angles to 
both the direction of propagation of the wave motion and 
also to the lines of electric strain. Fig. 4 (c) is a view looking 
down on 4 (0) and only the lines of magnetic flux near the 
earth are shown, but of course they are associated with the 
electric lines wherever the latter exist. In any normal wave 
travelling over the surface of the earth the directions of the 
electric and magnetic components always bear the above 
relationships to each other. No wireless wave can travel 
far over the surface of the earth unless it has its lines of 
electric force vertical or, in other words, unless it has “ its 
feet on the ground.”’ 

In Fig. 4 (c) the reversal of the direction of the flux arrows 
indicates how the intensity of the magnetic force at any given 
point in space passes through the cycle: Zero, Maximum 
Positive Force, Zero, Maximum Negative Force, Just as is 
the case with the electric strain, and the two effects are in 
step or in phase with one another. The energy in the wave 
is not, as is sometimes stated, concentrated alternately in 
the magnetic force and the electric force as would be the 
case if the two effects were in quadrature. 

Wave Front. Within a few wave lengths from a trans- 
mitting aerial the lines of both magnetic and electric force 
are appreciably curved, but at great distances the curvature 
becomes so slight that the network of horizontal and vertical 
lines becomes almost a vertical plane presenting, to a receiving 
aerial, a front which is shown diagrammatically in Fig. 5, and 
which is called the Wave Front. 

We say almost vertical because in practice the plane con- 
taining the electric and magnetic force in the wave, and which 
therefore constitutes the wave front, is never truly vertical 
unless the wave is passing over a surface which has infinite 
conductivity or is travelling in free space. In the case of a 
wave transmitted over a surface with a definite measurable 
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resistance, such as the earth, there are losses in the semi- 
conducting material which have the effect of causing a com- 
paratively small component of electric force in a horizontal 
plane and 7n the direction of travel of the wave. The result 
of this is to give the resultant electric force, and hence the 
wave front, a slight tilt forward. Measurements of this angle 
of tilt have been made on many occasions and it is found to 
vary from practically zero, when the wave is travelling over 
the sea, to as much as 10° in certain situations—this figure 
being mentioned by Beverage, Rice and Kellog (247.) Smith 
Rose and Barfield in experiments carried out for the Radio 
Research Board, found the maximum tilt on 2,600: to 6,900 
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Fig. 5.—Wave Front of Normally Polarised Wave. 


metres to be less than r° and a maximum of 7-4° on 450 — 
metres. The angle is normally greater on shorter wave 
lengths (305). 

The problem is rendered more complicated by the fact 
that the normal vertical electric force and the horizontal 
component are not usually in phase with one another, so that 
the electric field becomes a rotating one and is of elliptical 
form. For an appreciation of the elementary theory of 
direction finding by means of frame aerials, it is hardly 
necessary to take into account this horizontal component 
in the electrical field of the wave, but the ‘‘ Wave Antenna ”’ 
or “ Beverage Aerial,’ to be briefly mentioned later, depends 
for its action entirely upon this component. 

Wave Length. The conventional way of depicting the 
distribution of electric and magnetic force along the path of 
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' WAVE LENGTH 


an electro-magnetic wave at any instant is by means of a 
curve, as in Fig. 4 (d), the ordinate of which above or below 
the base line represent to scale the intensity of the forces 


Frequency (100,000) Velocity (3 x 10%) 


Wave length. 
and the Wave Length — 329:000,000 _ 3,000 metres. 
: 100,000. 


Tilted Wave Front. It will be clear from Fig. 1 (0) 
that the wave front of the transmitted wave must extend 4 
great distance upwards above the earth and in the upper 

regions the front is no longer in a vertical plane. It has been 
seen, however, that the relatively minute portion of the 
front which affects a recelving aerial on the ground is very 
nearly vertical. Suppose now that the transmitting aerial is 
not vertical, but is sloping at some acute angle to the earth’s 
surface, as in the case of the trailing aerial of the aeroplane 
shown in Fig. 6. The circles of magnetic force surrounding 
the aerial are now tilted. and the lines of electric strain are 
no longer even approximately perpendicular to the earth’s 
surface when the wave front reaches a ground receiving aerial. 

Polarisation of Wave. In .addition to the tilting of 
the wave front there is yet another important difference 
between the normal wave travelling over the earth’s surface 
and the wave arriving from such an aerial as that in Fig. 6, 
Either ahead or astern of the aeroplane, the wave front on 
reaching the earth is tilted, but the lines of electric force remain 
in the same vertical plane as the direction of propagation 


I5 


WIRELESS DIRECTION FINDING 


of the wave, and the magnetic lines remain horizontal. The 
wave front which is presented to a receiving station which 
is broadside on to the aeroplane, or which is, in fact, in the 
position from which the view in Fig. 6 would be obtained, 1s, 
however, no longer a normal one. Whilst still at right angles 
to one another and also at right angles to the direction of travel 
of the wave between the aeroplane and the ground aerial, 
the magnetic and electric lines are now tilted in the plane of the 


Fig. 6.—Electro-Magnetic Wave Radiation from Aeroplane 
Trailing Aerial. 


wave front and the network when it strikes the receiver will be 
as shown in Fig. 7, instead of as in Fig. 5. This is said to 
be an abnormally polarised wave, the polarisation of the elec- 
tric lines of force having been rotated through some 40° 
or 50° instead of being perpendicular. Waves of this kind 
can only exist when they are travelling in free space, and the 
reason why, as already stated, no electro-magnetic wave can 
travel far over the surface of the earth unless it be normally 
polarised, may be explained in the following simple manner. 
Suppose the line A B in Fig. 8 to represent a line of magnetic 
force in a wave which has 40° of rotation from normal. The 
line of magnetic flux now makes an angle of 40° with the 
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surface of the ground and cuts the earth’s surface at its lower 
end. This magnetic flux may be resolved into two com- 
ponents, one of which is normally polarised and the other 
vertically polarised. Now, we know, that when a conductor 
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Fig. 7.—Wave Front of Abnormally Polarised Wave. 


is moved between the poles of a magnet or when, say, a plece 
of copper is held in. the field of an alternating current magnet, ° 
circulating or “eddy ”’ currents are induced in the copper which 
dissipate the energy of the magnetic field as heat. In the 
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Fig. 8.—Obliquely Polarised Wave resolved into Verti- 
cally and Horizontally Polarised Components. 


same way, when the vertical component of the magnetic field 
of a wave cuts the earth’s surface, circulating currents are 
formed which dissipate this component leaving, after a short 
distance, only the normally polarised component of the wave. 
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It would therefore seem that, since the abnormally polarised 
components of electro-magnetic waves are SO rapidly eliminated, 
the only waves of this nature which could be met with in 
practice must be those from aircraft transmitters flying over 
the receiving station. Theories have, however, been put 
forward to account for abnormally polarised waves arriving 
at a receiving station from great distances. According 
to one of these theories which is described in a later chapter, 
it is this abnormal polarisation which is the cause of the 
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Fig. 9.—Types of Wave Trains. 


extensive errors in the apparent bearings of transmitting sta- 
tions as determined by the directional properties of the frame 
aerial, so that the whole subject is of great importance. 
Continuous, Interrupted Continuous and Damped 
Wave Transmission. When the type of transmission from 
a station is that known as Continuous Waves (C.W.), then, 
as the name implies, during the passage of the wave, the 
intensity of the electric and magnetic forces will vary sinu- 
soidally with a constant peak amplitude and at a frequency 
equal to that of the transmitting aerial current. This may 
be illustrated as in Fig. 9 (a). In the Interrupted Continuous 
Wave motion (I.C.W.) the wave train is broken up into 
a number of short trains of oscillations, each lasting for a 
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period which may vary from, say, I-500th to 1-2000th of a 
second, and with a similar short period of inaction between 
each train. Fig. 9 (b) shows this type of transmission. An 
alternative method of producing I.C.W. is by the modulation 
of a Continuous Wave at an audible frequency. This latter 
may either be a steady note asin F ig. 9 (c), for the transmission 
of the Morse code, or the continuous wave may be modulated 
by speech frequencies for the purpose of telephony. A 
further type is the Damped or “ Spark’? wave, and here 
again the continuity of the wave is broken up, but each short 
train of oscillations steadily falls off in amplitude and usually 
is reduced to zero so tapidly as to leave a greater blank period 
than in the case of the I.C.W. of Fig. 9 (6). The total number 
of oscillations which take place before the wave train is 
reduced to zero (or a negligibly small amount) is a function 
of the damping of the transmitting circuits and will not be 
dealt with in detail here, as a certain amount of familiarity 
with this part of the subject is assumed on the part of the 
reader. Fig. g (d) shows diagrammatically the damped wave 
trains. 


RECEPTION OF ELECTRO-MAGNETIC WAVES 


How a Simple Open Aerial Receives. When a con- 
ductor is cut by lines of magnetic force, an E.M.F. is induced 
in it; this is one of the elementary principles of electro- 
Magnetism.- The intensity of the electro motive force generated 
in the wire is proportional to the vate at which the lines of 
torcecut’ it. If T00,000,000 lines cut the conductor in a 
second, the E.M.F. produced is 1 volt, and consequently if 
I,000,000,000 lines cut it in a second, the E.M.F. produced is 
Io volts, and so on. 

In considering the manner in which an aerial receives it is 
simpler in many cases to think only of the magnetic force in 
the wave. Since the magnetic force in a normally polarised 
wave is horizontal, it follows that any conductor placed 
vertically in the path of the wave will be cut by these lines of 
“magnetic force and consequently will have an E.M.F. induced 
jn it, proportional to the rate at which the flux cuts it. In 
practical wireless telegraphy, this conductor is known as the 
aerial wire, and the state of affairs in the case of a receiving 
station is shown in Fig. ro, where the aerial wire is represented 
by A B, the incident wave being indicated by the sine curve, 
the ordinates of which are a measure of the instantaneous 
intensity of the magnetic flux in the wave at various positions 
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in its path. In Fig. Io (a) we have a picture of the relative 
positions when the sine curve is crossing the zero axis at 
the receiving aerial and when there is consequently no magnetic 
flux cutting the wire and no induced E.M.F. An instant 
later, in Fig. ro (0), the wave has moved forward a quarter 
of a wave length and the intensity of the field cutting the aerial 
is represented by O X. This field is at its maximum in the 
negative direction and therefore the maximum negative 
E.M.E. is being generated in the wire. A quarter of a period 
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Fig. 10.—Induction of Alternating E.M.F. in an Open Aerial by an 
Electro-Magnetic Wave. 


later, the flux is again zero in the neighbourhood of the aerial 
accompanied by zero induced E.M.F. as shown in Fig. 10 (Or: 
The flux now reverses in direction, and begins to grow to its 
peak value in the positive sense, the E.M.F. in the wire follow- 
ing it exactly until in Fig. ro (d) it has again reached a maxi- ~ 
mum but in the opposite direction to that shown in Fig. ro (0). 

From these considerations it is clear that the E.M.F. induced 
sn the wire is sinusoidal because the intensity of the flux 
is represented by a sine curve. We also see that an alternating 
E.MF. is induced, in an aerial wire, of the same: frequency 
as that of the wave, and it is important to notice that the 


induced E.MF. is im step or 1m phase with the flux in the 
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wave, being a maximum when the flux is a maximum and zero 
when the flux is zero. 

Effective Height of an Aerial. Since the E.MF. 
induced in a conductor is proportional to the rate at which 


lines of magnetic force are cutting it, and since the magnetic 


field in a normal wave is horizontal, the induced E.MF. in 
an aerial is proportional to the height. It should be borne in 
mind, however, that this is not strictly true, since in the 
case of a vertical open wire, although a uniform field induces 
the same E.M.F. per unit length of the wire at the top and 


‘bottom of the aerial, the current is a maximum at the bottom 


and zero at the top. The result is that more work is done 
by a given potential difference per unit length of wire in the 
lower sections of the aerial than is done near the top—work 
being the product of current into potential drop. 

It follows from this that a flat-topped aerial, having most 
of its capacity concentrated in the horizontal limb, will have 
current flowing at the top as well as the bottom of the vertical 
portion of the aerial, and more work will be done by a given 
strength of magnetic field than in the case of a simple vertical 
wire of the same geometric height. 

Every aerial has, therefore, what is called an “ Effective 
Height ” which is the height which must be reckoned for 
the purpose of ascertaining received E.M.F. or radiation 
resistance. The effective height of a flat-topped aerial is very 
neatly equal to its geometric height, but that of a vertical wire 


is only ee 0°635 of this figure. 
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Aerial Tuning. In the case of an ordinary low frequency al- 
ternating current circuit, the current is given by the expression : 


LS ses ; i 2 
2 —— 
a/R + (arn ac 
Where: I=Current. 

E Induced E.M.F. 

R Resistance. 

n Frequency. 

L Inductance. 

C Capacity, | 
and the denominator of the fraction is known as the impedance. 
The total reactance of the circuit is dependent upon the 
relation between the inductive reactance 27nL and the 


; I ae | 
capacity reactance -—-_~ and is a minimum when these two 
T > 
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are equal. When this latter condition exists, the maximum 
alternating current will flow in the circuit for a given applied 
alternating E.M.F. and is equal to 


‘0 E 


4/R? i BO | 

Now a vertical wire, grounded at its lower end, can be 
considered as an ordinary alternating current circuit containing 
Inductance, Capacity and Resistance. The inductance is 
that of the wire itself, the condenser is formed by the capacity - 
of the wire to earth and the wire must always have a certain 
resistance. When an aerial is ‘‘in tune’’ with the incoming 
wave it simply means that the inductive and capacity re- 
actances of the aerial circuit are equal, and this will include 
not only the self-capacity and self-inductance of the aerial 
wire, but also any tuning inductances and series or parallel 
tuning condensers. Under these conditions, the current 
which flows in the circuit is dependent solely on the resistance 
of the wires and consequently, in order to make an aerial 
system as efficient as possible, we should cut down to a mini- 
mum all resistances in the circuit. | 

A numerical example will show up these points more clearly. 
Suppose that an aerial has a high frequency resistance of 
ro Ohms, and that it is tuned to a frequency of 500,000 (which 
corresponds approximately to 600 metres wave length) by 
means of a loading coil and a variable condenser which, ~ 
together with the constants of the aerial wire itself, give a 
total inductance of 20264 microhenrys and a capacity of 
0:0005 microfarads. | | 

The total impedance is now given by : 


ape MAE, AINE Seer Pee 
a/ 10? + 2m X 500,000 xX 202°64 106 2 
r0® 2m X 500,000 X *0005, 


— 4/ 100 + {636°6 — 636°6) 
= 10 Ohms. 


Now let the circuit be slightly detuned by means of the 
variable condenser until the total capacity in the circuit is 
0:00049 mfd. instead of 0°0005. | 

The impedance then becomes : 


2 00,000 X 202° Gla itery 2 
/ Toe mm X 500,000 X 202°04 _ IO 
10° 2% X 500,000 X *00049 


= 4/10? + [636°6 — 6496]? = 1/10? + 137 = 4/209 — 
=) 16°4 Ohms. 
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The aerial current is thus reduced to two thirds of its maxi- 
mum in-tune value, and note that the capacity reactance is 
13 Ohms. If, instead of being 10 Ohms, the resistance of the 
aerial had been r Ohm, then the effect of this detuning would 
have been to reduce the aerial current to about 1/13th of its 
original value, whilst, if the resistance of the aerial had been 
very high, then the increase in the capacity reactance would 
have had a correspondingly smaller effect. This is why the 
reduction of aerial resistance, either by the use of large section 
wire and a good earth connection or by the artificial method 
of using aerial reaction in the valve receiver, makes the tuning 
more critical or, as it is termed, “ sharper.”’ 


t11.—The use of Polar Co-Ordinates. 


The Polar Diagram. In the study of Direction Finding 
or Directional Reception it is convenient to have some method 
of illustrating graphically the receiving properties of an aerial 
system for various angles of incidence of the incoming wave. 
The scheme which seems the most logical and which is almost 
always adopted for transmitting or receiving aerials is the 
plane polar diagram. In Fig. 11, O represents the aerial 
system of a directive transmitter and it is desired to indicate 
how the radiation varies in different directions. A way of 
settling this point would be to take a portable receiver round 
the transmitter, keeping the receiver at a constant distance 
from the transmitting aerial, and to measure the strength of 
received signals at equi-distant angles all the way round. 
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Then, if a series of radial lines from the point O be drawn, each 
line corresponding to one of the directions in which the strength 
of signals was measured, and if the /engths of these lines are 
made to correspond to the intensity. of the received signal, 
the curve obtained by joining the extremities of all these 
lines will give a very clear picture of the performance and 
directional properties of the aerial system. In Fig. II we 
have supposed that the signal strength was measured at the 
points A, B, C, etc., and in each case a length has been marked 
off along the corresponding radius to represent the intensity 
of the signal so obtained, the points being joined up to form 
a smooth curve. Exactly the same graphical method can 
be adopted to represent the receiving properties of an aerial, 
which may vary according to the angle of incidence of the 
signals in just the same way that the transmitted signals vary 
in intensity. 

Polar Diagram of a Vertical Open Aerial. From 
what has already been said concerning the way in which an 
E.M.F. is induced in an open aerial it will be clear that if the 
aerial be perfectly vertical, and the earth equally conducting 
in all directions, then the E.M.F. induced in the wire will 
be the same for equal intensities of field no matter what 
the horizontal direction of incidence may be. The polar 
curve of such an aerial will, then, consist of a curve drawn 
through the extremities of a series of equal radii from the 
point representing the aerial, and will be a circle. 


SPACED OPEN AERIALS AND THE SIMPLE 
FRAME 


With one or two notable exceptions, the bulk of direction 
finding and directional reception is carried out by the use of 
aerial systems which depend for their directive effects on the 
properties of spaced aerials, the E.M.F.’s in which are combined 
in suitable receiving circuits. In Fig. 12 are shown two open 
aerlals spaced half a wave length apart in the direction of 
travel of a wave, the instantaneous flux intensity of which is 
again shown by means of a sine curve. The combination of 
the two open aerial E.M.F.’s may be done by means of coupling 
coils with leads to a receiving station at the centre of the 
aerial system, and the various polar diagrams which are 
obtained for different spacings of the aerials are dealt with on 


page 34. 
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Now consider the modification of this arrangement. 
Suppose that instead of combining the two aerials at A and 
C, which are just half a wave length apart in the path of the 
wave, by means of intermediate circuits and a central receiver, 
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Fig. 12.—Open Aerials Spaced Half a Wave Length apart. 


we combine them as in Fig. 13. A lead is taken from the top 
of one aerial to the top of the other and a second lead having 
a coupling coil and tuning condenser in circuit joins the 
bottoms of the aerials which are now no longer earthed. The 
open aerials have now become a loop or frame, and notice 


Fig. 13.—Aerials of Fig. 12 combined to form a Frame. 


particularly that the two E.M.F.’s in the vertical limbs of the 
frame at A and C, although in opposite directions relative to 
the earth, are in the same direction round the frame as indicated 
by the arrows, and since the E.M.F.’s at A and C were at 
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maximum positive and negative values, there is maximum 
EMF. round the frame. Clearly the arrangement in Fig. 
13 is not a practical one if it 1s desired to swing the frame for, 
assuming the wave length to be 1,000 metres, then the distance 
between the side members would be 500 metres. Also, 
although use is made of the fact that with half a wave length 
Spacing there is maximum E.M.F. round the frame, there is 
the resistance of twice 500 metres of top and bottom connecting 
leads to be taken into account, and furthermore there might be 
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that the E.M.F. induced round a Frame is go° Out of 
Phase with the Flux in the Wave. : 


difficulty in tuning such a large loop down to 1,000 metres 
wave length. In Fig. 14 (a) the sides of the frame have been 
brought closer together and three positions for the small frame 
are shown, namely, at the instants when the flux at the centre 
of the frame is a maximum, when it is decreasing, and when 
it is zero. When the centre of the frame is at A then, although 
the two E.M.F.’s in the side limbs are almost at their maximum 
values, they are acting in opposite direchons vound the laop 
so that their net effect 1s zero. A little later when the flux 
in the wave is decreasing, the E.M.F.’s are also less than 
before, but they differ in amplitude by an amount proportional 
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to the length “ « ”’ in Fig. r4 (a), and this is the effective E.M.F. 
round the frame. Lastly, when the flux at the centre of the 
frame is zero, we see that although the E.M.F.’s in the side 
limbs are almost at their minimum values yet, owing to the 
fact that they are acting 7m the same direction round the frame, 
the frame E.M.F., which is proportional to “ y,” isa maximum 
for the given size of frame. The frame E.M.F. is thus seen to 
decrease as the width of the frame is made smaller and also 
the frame E.M.F. 1s a quarter of a period out of phase with the 
fiuxin the wave. These are extremely important characteristics 
of the frame aerial. 

Flux Linkage and the Simple Frame. In the foregoing 
explanation the incoming wave has been assumed to produce 
an E.M.F. in each vertical limb of the frame, the active frame 
E.M.F. being the resultant of the two. This method of looking 
at the matter was chosen because it at once makes clear the 


_phase difference between the wave and the E.M.F. which it 


produces and it is developed on page 34 with the aid of vector 
diagrams and simple mathematics to include the general case 
of two spaced open aerials. Now, the E.M.F.’s in the vertical 
limbs of the frame depend upon their height, and the active 
frame E.M.F. varies directly as the distance apart of the limbs 
when this distance is small compared to the wave length 
(page 38), so that the frame E.M.F. is proportional to the 
product of the height and spacing of the vertical limbs which : 
is equal to the area of the frame. The amount of flux linked 
with the frame is proportional to the area and, in order to 
arrive at the polar curve of such an aerial, it is perhaps simplest 
to regard the E.M.F. as being a function of the flux linkage. 
Bearing this in mind, let us see how rotating the frame affects 
the E.M.F. and hence the received signals. Fig. 14°(d) is a 
view looking down on top of the arrangement in Fig. 14 (a), 
the varying intensities and directions of the magnetic flux 
being shown by a variation in the thickness and direction of 
the arrows. The three frames are all shown pointing in the 
direction of travel of the wave. Fig. 15 is an enlarged view 
of one of the frames and it has been assumed that the frame 
is so small in comparison with the wave length that the flux 
in the neighbourhood of the frame may be taken as uniform. 
It can be seen at once that the maximum number of lines are 
linked with the frame when it is pointing in the direction of 
travel of the wave, and that when it is rotated so as to be 
broadside on to the direction of travel then no lines are linked 
and there is consequently no induced E.M.F. and no received 
signal. The frame therefore possesses marked directional 
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properties. The conditions existing at intermediate positions 
of the frame may best be illustrated by setting out the succes- 
sive movements of the frame in a uniform magnetic field, and 
by counting the number of lines linked. In the position A A’ 
there are no lines linked; at B B’ there are 20; at C C’ 
there are 35 ; and 40 at D D’, after which the linkage begins 
‘to fall off again. There are 35 lines at E E’, 20 at F F’ and 
none when the frame reaches the position A’ A. The growth 
in linkage, and hence in induced E.M.F., now recommences ; 
reaches a maximum at D’ D and falls to zero again at AA’. It 
is important to notice that although the same number of lines 
are linked at F’ F as at B B’, the lines do not pass through 
the frame in the same direction as indicated by the curved 
arrows and therefore the E.M.F.’s induced will be in opposite 


directions round the frame. This change occurs at A A’ and 


we thus see that when an alternating E.M.F. is being induced 


in a frame aerial by an incident wave, the phase of the E.M.F. | 


will be shifted through 180° as the frame passes through the 
position of zero linkage. 
Tabulating these results, we have: 


RTE | oes VCH ee lost ae 

pe pon | AA’|BB’| CC’| DD] EE! FF’|-A’A B’B|CC DD EE FE 
Linkase ‘ | | | | 

Or EE ey ae aca ele 720/35 40 a 


one half of the values having been given a négative sign and 
the remainder a positive one in order to indicate the reversal 
of phase. 

In Fig. 15 the successive positions of the frame were drawn 
30° apart, so that if now a series of radial lines be drawn, with 
similar spacing, and the distances corresponding to the 
linkages in the respective directions be measured off along 
these lines to any convenient scale, the required polar diagram 
will be produced. When this is done, it is found that the 
points all lie on the circumference of two circles as in Fig. 16, 
one of which corresponds to the positive values of linkage 
as found above and the other to the negative ones. The 
diagram is known as the cosine or figure eight diagram, and 
is characteristic of the simple frame aerial when the dimensions 
of the frame are small compared to the wave length. The 


choice of the signs for the two halves of the diagram is purely. 


arbitrary, but the distinction becomes very necessary when 
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COSINE OR FIGURE EIGHT DIAGRAM. 


dealing with the production of the Cardioid or Heart-shaped 
diagram of reception by the combination of the frame and 
open aerial receiving properties. 


A 
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Fig. 15.—Variation in Flux Linkage as Frame is 
Rotated about a Vertical Axis. 


Maximum versus Minimum Strength Signals for Direc- 
tion Finding. In practical direction finding, the accuracy 
with which a bearing can be taken depends to a great extent 


Fig. 16.—Cosine or Figure Eight Polar Diagram of 
E.M.F. Induced in Rotating Frame. 


upon the sensitivity of the reception to small changes in the 
direction of the aerial. The figure eight diagram is very largely 
used for direction finding and a reading might be made either 
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by noting the position of the frame when signals were loudest 
or by observing the direction corresponding to minimum 
signals. When the maximum strength is being observed, 
the frame is in the position D D’ in Fig. 15 and an inspection 
of the polar curve will show that a small change of angle will 
make a very small change in signal strength. If, on the other 
hand we take the position A A’, it is clear that a similar small 
change of angle will make a large percentage change of signal 
strength, as the curve is very steep around this position. 
The minimum is therefore very much more sharply defined 
than the maximum and it is possible to ascertain its position 
very accurately ; hence it is customary in practice to arrange 
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Fig. 17.—Frame Aerial in Position of Maximum Magnetic Linkage for 
Normally Polarised Wave with Zenithal Angle of Incidence. 


the direction finder so that, at the position of minimum signal 
strength, the pointer attached to the rotating support of the 
aerial indicates on a circular scale, which is divided into degrees 
from 0° to 359°, the direction of the transmitting station. 

The Tilted Wave Front and Frame Reception. In 
Fig. 17 (a) and (0) is shown a wave which is not travelling over 


the surface of the earth but is arriving at a receiving frame with - 


a zenithal angle of incidence of about 30°. The zenith being 
the direction immediately overhead, a zenithal angle is taken 
to mean an angle measured in a vertical plane. The wave 
is normally polarised, the single arrow representing the direction 
of the magnetic flux and clearly, as in the case of a wave 
moving along the ground, the maximum linkage with the 
lines of magnetic force is obtained when the frame in Fig. 
17 is in the position shown, that is, having its plane in the 


30 


ee 


FRAME RECEPTION OF ABNORMALLY POLARISED WAVES 


vertical plane of propagation of the wave. Since the control- 
ling effect of the earth’s surface can no longer operate in the 
case of a wave travelling in free space, and particularly since 
there are factors tending to rotate the plane of polarisation 
(155), such a wave may have a large component which 


is abnormally polarised. Fig. 17 has therefore been redrawn 


in Fig. 18 in which the whole of the magnetic flux is in the 
vertical plane of propagation of the wave. (Note.—The fact 
that the wave has a zenithal angle of incidence has made it 
Incorrect to refer to the wave as being polarised vertically 
because the magnetic flux must always be at right angles 
to the direction of propagation and so can never be truly 


(a) (b) 
Fig, 18.—Frame Aerial in Position of Minimum Magnetic Linkage for 
Wave having a Zenithal Angle of Incidence and: Vertically Polarised 
Magnetic Force. 


vertical when the wave front is tilted forward. The correct 
expression is that “the magnetic force is polarised in the 
vertical plane of propagation of the wave,’ but the ex- 
pression “ vertically polarised ”’ will be used loosely to mean 
this except in cases where confusion may arise.) 

Referring again to Fig. 18, one line of magnetic flux is 
shown passing the frame but, since both are in a vertical plane, 
there will be no cutting of the frame by the flux and hence no 
induced E.M.F. When, however, the frame is turned so as 
to have its plane at right angles to the plane of propagation 


of the wave, as shown in Fig. 19, there is maximum linkage 


between the upper and lower limbs and hence maximum 
induced E.M.F. The directional properties of the frame are 
how vested in the spacing of the horizontal limbs and the 
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polar diagram is a figure eight which has its minimum m 
the direction of the plane of the frame as in Fig. 20. Compare 
this with Fig. 16 for the normally polarised wave. Clearly, 
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Fig. 19.—Frame Aerial in Position of Maximum Linkage for Wave 
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if an attempt were made to find the direction of a station, 

which was radiating such a wave as this, by means of a 
simple frame, an error of 90° 
would result. 

The Cardioid, Apple or 
Heart-shaped Diagram of 
Reception. It has been seen 
that two minima are obtained | 
with the simple frame aerial 

rrame SO that, supposing a bearing of 
45° has been obtained by a 
direction finding station using 

the figure eight diagram, there 

will also be a further possible 

value for the bearing at 45° 

4+ 180° = 225°, and it is quite 
impossible, a priori, to decide 
which of the two is the cor- 

rect figure. In many cases 

such information is not  ne- 

Fig. 20.—Polar Diagram of Re- Cessary, other evidence indi- 
ception by Frame Rotatingabout cating which is the reading to 
a Vertical Axis of Wave with take, but it is often of great 
Vertically Polarised Magnetic value to have this information, 
Force. and modern direction finding 
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installations are usually equipped with means of determining 
absolute direction or ‘* sense.”’ 

By combining the receiving properties of the open aerial 
and the frame, a new series of diagrams is obtained, one of 
which is of great value for sense determination. In Fig. 21 
the two dotted circles are the figure eight of the frame and the 
smaller circle with its centre at O is the open aerial diagram. 
If we assume that the two E.M.F.’s represented by these 
diagrams are combined in a single receiver and are in phase, 
then the total E-M.F. induced in the circuit of the receiver 


_ will be given by the algebraic sum of the component E.M.F.’s 


for any particular Y 
orientation of the 
frame, and the new 
diagram of recep- 
tion for the com- 
bination will simi- 
larly be given by 
the algebraic sum 
of the circle and 
figure eight dia- 
grams. On page 
28 it was shown 
that the phase of 
the E.M.F. round 
a frartie shifts ab- 
ruptly through 180° 
when the frame 
passes through the 
minimum signal 
position, whilst no 


such shift in phase 
can occur in the Fig. 21.—Combination of Polar Diagrams of 


Reception of Frame and Open Aerial. 
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case of the open 
aerial. Consequently, when combining the diagrams, one circle 


_ of the figure eight must be regarded as positive and the other 


| 
: 


as negative, the small open aerial circle being either sign. The 
choice of signs is, of course, purely arbitrary so long as they 
bear the correct relation to one another. If now the polar 
ordinates are added graphically, the complete diagram will be 
that shown by the full line. 

This resultant is only obtained when the two E.M.F.’s are 
exactly in phase (or phase opposition). If they are out of 
phase then there will be no sharp zero values in the resultant 
diagram for although, when the frame is in the direction O Y 
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and the incident signal along P O, the maximum values of the 
radio frequency E.M.F.’s induced in the frame and open 
aerials may be equal, they will not reach their maximum ampli- 
tudes at the same instant and so can never balance one another 
out. The resultant diagram in such a case would be as in 
Fig. 22, the actual shape of the minima depending on the degree 
of phase difference of the component E.M.F.’s. The in-phase 
condition, however, gives definite zero values, and if the size 
of the circle diagram be gradually increased relative to figure 


eight then, as seen in Fig. 23, the positions of the minima 
; become more and 


more distorted until 
finally in Fig. 23 (c), 
they merge into one 
and we obtain what 
is called the Cardioid 
diagram. Any further 
increase in the open 
aerial E.M.F. gives a 
single impure mini- 
mum. It will be seen 
that in the cardioid 
diagram the maxi- 
mum is 180° away 
from the minimum, 
so that if it be used 
for direction finding 
there is no longer any 
ambiguity as to the 
actual direction of a 
transmitting station. 
If the frame be rota- 
ted, only one point can be found on the scale at which the 
signals vanish. It should also be noted that the maximum 
of the heart-shaped diagram is twice the strength of the maxi- 
mum of the frame aerial alone and, further, that the minimum 
of the heart-shape is in the plane of the frame and 90° away 
from the minimum of the figure eight diagram of the frame alone. 


INDEFINITE 
DISTORTED MINIMA 


Fig. 22.—Resultant of Fig. 21 when Com- 
ponents are not in Phase. 


GENERAL CASE OF TWO SPACED OPEN AERIALS* 


On page 8 it was pointed out that the properties of combina- 
tions of spaced aerials play an important part in almost all direc- 
tional receiving systems, and it is of particular interest to study the 

* This section may be omitted by a student at the first reading without 
affecting the continuity of the subject. 
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elementary mathematics of such systems and to observe how the 
simple frame is actually a special case of two spaced aerials, in which 
the spacing is small compared to the wave length of the signal 
received. Studied from this point of view more information can 
be obtained concerning the frame and a foundation laid for 
‘Investigations of far more complex aerial systems which cannot 


Fig. 23.—Evolution of Cardioid or Heart-Shaped Polar Diagram by Com- 
bination of Circle and Figure Fight Diagrams with Correct Phase Relations. 


conveniently be described or understood by the more elementary 
method of flux linkages. | 
Central Summation with Effects in Opposition. In Fig. 24 
are shown two open aerials A and B, spaced a distance d apart 
in the wave of length \. The instantaneous values of the field 
strength in the wave are represented by the ordinates Aa and Bb 
on the conventional sine curve and the direction of propagation 
by the arrow. Let O be the point midway between the aerials, 
at which point is a receiver in which the E.M.F.’s induced in the 
two aerials are combined by means of appropriate circuits. Calling 


: : 2ed 
the spacing of the aerials ¢, where 4 = ace we can draw a vector 


diagram to illustrate the relative phases and intensities of the 
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E.M.F-’s and currents in the aerials and of the resultant E.M.F.’s in 
the receiving circuit. 

In Fig. 25, OO’ represents the phase of the centre point of the aerial 
system or, in other words, we will reckon time from the instant 
the wave front arrives at O in Fig. 24. Now the wave reaches 
the aerial B 
earlier than 
eral the point O by 
| a time propor- 
tional to ¢/2, 
and _ similarly 
it reacheswen 
¢/2 later than 
O.. Ep, there- 
fore, “Sepia. 
sents. is 
E.M.F. in the 
B aerial which 
is shown lead- 
ing on OO’, and E, is the lagging E.M.F. in the A aerial, both 
being 4/2 out of phase with OO’. If now the associated circuits be 
so arranged that the aerial currents Ip and Ia, which are in phase 
with their respective E.M.F.’s, induce E.M.F.’s E’» and E’a in a 
common receiving circuit and, further, that these two E.M.F.’s are 
in opposition to one another, then we have the case shown in the 
diagram where E’, and E’, are lagging go” on the currents which 
are inducing them and E’» has been reversed before obtaining the 
resultant E;. Since the total phase difference between E’» and 
E’, is 4, the resultant is proportional to : 


WE ne 2, E2 cos ae 


where Ey is the E.M.F. induced in 
either aerial. 


Fig. 24.—-Two Open Aerials Spaced in Direction of Travel 
of Wave. 


This is equal to : 
4/252 (< — cos 4) 
— 4/2 Ey 4/ (I — cos 4), 
from which we see that the resultant 
E.M.F. is a maximum when (I — 
cos ¢) is a maximum, that is to say, 
when cos ¢ is equal to — I and 4 = , 
80°. In other words, the resultant (E,}< 
E.M.F. is a maximum and equal to 
2 Ey for a spacing of half a wave 
length, 14, 24, etc., and is zero for : 
a spacing of a wave length or-aj Fig. 25.—Vector, Digguasiiaas 
multiple of a wave length. Two Open Aerials of Fig. 24. 
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The above condition is that in which the aerials are spaced in 
the direction of travel of the wave, but the important case is that 
in which the wave has any other horizontal angle of incidence. 
Let Fig. 26 represent a plan view of two spaced aerials in which 
the direction of an incident wave is along the line POP’, making 


an angle @ with 


the line of the 
aerials XOX’. 
In this case Ob 
pelea. Cos a 
measure of the 
leading phase 
of the E.M.F. 
ie bs where 
Bb is a per- 
pendicular 
dropped on the 
Benes OP. 
Similarly Oa is 
the lag in the 
A aerial and 


RECEIVER 
Fig. 26.—Plan View of Two Open Aerials Spaced in 
Direction making an Angle with Direction of Travel 
of Wave. 


the total phase difference is ab which is equal to d cos 6 or ¢ cos § 


The diagram showing the vector difference of E.M.F.’s for 
these conditions is the same as in the previous case, Fig. 25, 


Fig. 27.—Polar Diagrams of Reception for Two Open Aerials with 


Various Spacings. 


of 


WIRELESS DIRECTION FINDING 
except that the angles of lag and lead of the E.M.F.’s in A and B 


are e cos @ instead of 4/2. The resultant E@ is therefore : 


\/2 E; [x — cos (¢ cos 6)] 
7S / 4 Ey sin? ¢ cos @) 
— 2 Ey sin (2 cos 6) 


where Ey is the value of the 
E.M.F. in either aerial. 

In Fig. 27 curves are 
shown for a number of values 
of 4 and it will be noticed 
that as the spacing becomes 
small compared with the 

/ wave length, the polar dia- 

(Ep) gram approaches in shape 

Fig. 28.—Vector Diagram for Frame that of the “ figure eight a 
Aerial showing Frame E.M.F. Lagging = OF cosine diagram. This is 
90° on Flux in Wave. clear from the expression 


above, for, when ¢ is small, ¢ cos @ is also small and we may 


write : 
b see 


Sin es cos @) = 5 C08 6: 


Therefore: Eo = 2 Ey? cos 6 = Ey 4 cos 6 


which means that the maximum value of the resultant E.M.F. is 


24d Ey 


reduced to a small value equal to ¢ Ev or , and it follows 


the cosine law for various values of 6. As @ passes through 
go° the E.M.F. in the B aerial in Fig. 26 will cease to lead on that 
in A and will lag, so that there will be a complete reversal of phase 
as the resultant E.M.F. passes through its zero value and the 
quadrants in Fig. 27 may be marked + ve and — ve as shown. 
Observe that the assumption which has been made above, 
that ¢ is sufficiently small to take $/2 as being equal to sin 4/2 thus 
making E, proportional to Cos 6, is exactly the same as the 


assumption which was made on page 27 that the flux in the neigh- 
bourhood of our rotating frame was sufficiently uniform for the flux 
linkage to be proportional to the cosine of the angle of rotation. 
The abrupt change in phase of the E.M.F. round the frame as 
it passes through the position of minimum is now seen to be due to 
the fact that as the angle 4 passes through go°, the E.M.F. in B 
ceases to lead on that in A and lags instead. 


38 


SPACED AERIALS AND THE CARDIOID DIAGRAM 


The vector diagram for the simple frame is as shown in Fig. 28 
where the aerial E.M.F.’s E, and Ep are opposed to one another, 
and it will now be noticed that the resultant E.M.F. E@, round the 
frame, lags go° on the flux in the wave, and this is a characteristic 
of the frame aerial. 

Cardioid Diagram by Non-Central Summation of Spaced 
Open Aerials. The method described on page 35 of combining 
the effects in the spaced open aerials may be termed “ Central 
Summation,’ in that the receiving circuit is situated electrically 
mid-way between the aerials; the individual aerial currents are 
in phase with their respective E.M.F.’s and hence any out of phase 
effect between the two E.M.F.’s induced in the receiving circuit is 
purely a function of the spacing of the aerials in the path of the 
wave, and is not an artificially obtained effect. 


Ea 


Ls E Ep 
RECEIVER - 9 
Fig. 29.—Plan View of Two Spaced Fig. 30.—Vector Diagram for Two 
Open Aerials in which Special Phase Open Aerials of Fig. 29. 


Relations are obtained by Non- 
Central Summation. 


Now, in certain circumstances, it may be necessary to arrange 
for a phase relation between the E.M.F.’s in the receiver which is 
not to be obtained by central summation, and a case of this is the 
Cardioid diagram shown in Fig. 31. Here we wish to provide 
for the two E.M.F.’s in the receiving circuit to be in complete phase 
opposition when the angle g is zero and to be in phase when 4 
is 180°. In order to achieve this result, consider the arrangement 
in Fig. 29, in which the receiver is placed at the foot of the A aerial 
instead of mid-way between the aerials. Constructing a vector 
diagram, Fig. 30, let OA be the phase of the new centre of the 
system, or, in other words, let us reckon the time from the instant 
at which the wave reaches the A aerial. This will be the phase 
of the E.M.F. in A so we can draw Ea. The E.M.F. in B when g 
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is zero, will lead on that in A by an amount 4, owing to its spacing 
¢ in the direction of incidence of the wave. The receiver is, 
however, at A and when the E.M.F. Ep has been impressed upon 
the pair of lines from the base of the B aerial to the receiver, the 
time taken for the current wave to travel to the receiver will be 
‘practically the same as that taken by the propagated electro- 
magnetic wave to travel from the aerial B to the aerial A, the net 
result being that the two aerial current effects will reach the receiver 
together. By a simple circuit ar- 

rangement, these two currents can be 

made to induce E.M.F.’s E’,. and E’p 

in the receiver circuit, equal in am- 

g plitude and opposite in phase, result- 

ing in zero reception. For any other 


angle of incidence 6, the spacing of 


the aerials in the path of the wave 
will be ¢ cos 9 so that the E.M.F. in 
B will lead. on that in A by that 
amount, whilst the time taken for 
the B effect to travel from B to A 
will still be the same as before, so 
that the net phase difference of the 
effects in the receiver will be 4 cos-6 — d or g (cos @ —1). 
Reversing one of the vectors and adding, we get the resultant Eg, 
which is given by : 


Fig. 31.—Cardioid or Heart- 
Shaped Polar Diagram. 


/2 EF [1 — cos ¢ (cos @ — I)] 
and as before, for small values of 4, this simplifies down to : 
Ey ¢ (cos @ — I) 
which when plotted gives the polar curve of Fig. 31. 

The case in which the cardioid diagram is obtained by central 
summation combined with mis-phasing of the aerial currents, 
or by the use of artificial transmission lines to retard the 
currents and produce the requisite phase relations, is described on 
page 65 in Chapter 3, since it deals with the circuits employed, 
rather than the fundamental directional properties of the aerial 


systems. Some interesting spaced aerial polar diagrams are given 
by L. H. Walter (49). 


EXTENDED AERIAL SYSTEMS 


Aerial systems consisting of a large number of wires in the same 
plane, properly associated and excited so that the currents are 
always in the same phase, have very marked directional transmitting 
properties provided that the dimensions of the system are large 
compared with the wave length. These aerial systems were 
originated and developed theoretically and practically, together 
with the necessary feeding system, in the years Ig22 and 1923, by 
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EXTENDED AERIAL SYSTEMS 


C. S. Franklin, who also verified the results experimentally. The 
following description is included here mainly with reference to the 
Marconi Rotating Beam which is dealt with in Chapter 8, and 


‘hence it will be preferable to consider the transmitting properties, 


though under suitable conditions the polar diagrams of reception 
and radiation are identical. 

In Fig. 32 is shown a line of vertical aerials, each aerial being 
represented by a dot and adjacent ones being separated by a 
small fraction of a wave length. The whole system extends in 
a straight line several wave lengths long. Each aerial has the 
same current flowing in it and the aerial currents are all in phase 
with one another, this being attained by feeding the aerials from 
a common transmitter by cables of equal electrical length. 

At a distant point P, each aerial, if acting alone, would produce 


) B 
aad 
Fig. 32.—Plan View of Extended Aerial System, for Beam Reception 
(or Transmission). 


a certain field strength which can be represented by an elementary 
vector. When all the aerials are present the vector representing 
the resultant field strength is obtained by summing up these ele- 
mentary vectors. For a distant point in the direction A, at right 


_ angles to the system, the field strength due to each aerial ‘will be 


in phase and the elementary vectors are in a straight line as shown 
in Fig. 33 (a). The resultant is therefore OR. For a direction P, 


making an angle @ with the line of aerials, the elementary vectors 


are notin phase, Thus starting from the end B, with the direction 
of P as shown, the elementary vectors due to consecutive aerials 
will lag in phase by a constant amount. Hence they take the form 
of Fig. 33 (2). Since the elementary vectors are of equal length 
and change in direction, by equal amounts, they form practically 
an arc of a circle and will be treated as such. The resultant field 
Sede is therefore represented by the straight line OR Fig. 
33 (0). 
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To find the value of OR for any angle 4, note first that the length 
measured along the arc OR is a constant and equal to OR in Fig. 


R o 


(d) (e) 


(f) (8) 


Fig. 33.—Illustrating the Method of Calculating the Polar Diagram of Trans- 
mission or Reception for an Extended Aerial System. 


33 (a) = Esay. Secondly, the angle OXR (= ¢) subtended by the 
are at the centre of the circle is, by the geometry of the figure, 
equal to the angle of phase difference between the first and last 
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vectors. Now, from Fig. 32 the lag of the vector of the aerial O, 
behind that of B is ON —n } sin g in distance where n } is the 
length OB of the aerial system. 


If the lag in distance is ) the lag in phase is 2 ; radians or 360°. 
27 SID 8 


Hence ¢ = eur 2ensin@. . (z) 


If r-= radius of the circle, then 

Length of arc OR = r ¢ radians. 

Length of straight line OR = 2r sin ¢/z. 

Resultant E.M.F. from direction 9 __ straight line OR 


Resultant E.M.F. from direction OA arc OR 
_ 2arsin g/2 _ sin ¢/2 
Beaw Nady oat amare inn meg (2) 
| Resultant OR — Eves 
[2 


If the value of this expression be calculated for various values 
of g the polar curve of the system may be plotted. This has 
been done in Fig. 34 for a system 2 ) in length, but a good general 
idea may be had from a direct consideration of the forms assumed 
by the vector diagrams. 

As the angle @ increases from 0°, the angle ¢ steadily increases. 
The vector diagram first takes the form of Fig. 33 (6), then that 
of Fig. 33 (c), then that of Fig. 33 (d). In this last, the resultant 
is zero. Clearly this occurs when the first and last vectors differ 
by 2 7 in phase. , 


That is, when 27 nsin@=2,7 


For a system two wave lengths wide (n = 2), this gives 
sin § = 3, 9 = 30°. Up to this point the resultant field intensity 
has, therefore, steadily decreased from its value at 9 = 0°: For 
further increase of 9 the elementary vectors begin to overlap and 
the resultant OR increases to a maximum when OR becomes the 
diameter of the circle. This occurs when the first-and last vectors 
have 3 7 difference in phase. 


3 


That is, 27n sin § = 3 x, SHLD aaareoe 


For a system 2 \ wide (n = 2) this gives sin 9 = 3 
and @ = 49°5° 


The relative magnitude of this first side maximum is independent 
of the width of the system. 
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artes ea ng 
Resultant E.M.F. at 495° _ re Onna ee Pps 
Resultant E.M.F. at o° ~ 14 circumference — ; 


Resultant OR i E = 0-212 E 
The next stage of the vector diagram is that of Fig. 33 (f), where 


Fig. 34.—One Half of Polar Diagram Fig. 35.—One Half of Polar Dia- 
for an Extended Aerial System, Two gram for an Extended Aerial Sys- 
Wave Lengths in Width. tem, TenWaveLengths in Width. 


the resultant intensity is zero again, when 6 = 47 =27Nsin @. 
For 'n = 2, this gives‘sin 9 = 16 90... 

In this particular case, this completes the curve since each 
quadrant is the same. One half of the curve is shown in Fig. 34. 
The back half is exactly similar. 

For wider aerials, the next form is shown in Fig. 33 (g). 

) 


Here 2e7nsing=5 7 and sin § = >> 


oa 
OR = ae SCOUT eae te 
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The general rule is now seen to be as given in the table below : 


Be or Awe One Zi) 2 on 1 
On nese pen 
ant. ‘ : eo ie Zar Oulivmot te 20 ud inline aed) 
| | heed (eae Pe 2 2 
1 Stn UE PAN A SPN (Od A AE So nn eee oe he ac @ it ar 
| | | 39 | Shak Tis On 
pain == 10) ”. ~| © | 52°) 88°|r13°\143° (173° |203° [232° 262° 


The series ends when sin 6 = I, that is, when 6 = 90°. For 
example, if the width of the system be 10 wave lengths, the values 
of @ are given in the bottom line of the table. There will be side 
loops corresponding to all the odd numbers between 3 and Ig in- 
clusive, or 9 in all. A drawing of half the polar curve is given in 
Pig. 35: 

Zenithal Directive Properties. In the practical application 
of this aerial system to the Marconi Beam Transmitter (page 235), 
use is made, for economy in transmitter power, of the directional 
properties, in the vertical 
plane, of the open aerial which 
is more than a quarter wave 
length in height. 

In the case of the quarter 
wave Jength aerial erected on 
a perfectly conducting earth, 
Fig. 36(a),the system becomes, 
in effect, a half wave length 
aerial in free space, owing to 
the reflected image of the 
aerialintheearth. The volt- 
age gradient of this aerial may 
be represented by the full 
curve of Fig. 36 (b), and the 
. current by the dotted curve. 

Suppose that a one wave 
length aerial be erected in 
free space, then the voltage 
and current gradients will be 
assim Tig, 30 (c), and ‘note 
that now the current in the 
upper half of the aerial is in 
the opposite phase to that in 
the lower halt, so that at any 5 
distant point in the horizontal Fig. 36.—Zenithal Directive Properties 
plane of the aerial, the result- of Loaded Vertical Open Aerials. 
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ant field strength will be zero. It will not be zero for other zenithal 
angles, but for short distance beacon transmitter work it is essentia] 
that the radiation should be a maximum in the horizontal plane. 

In Fig. 36 (d) a coil has been added at the centre of the aerial 
having electrical constants making it equivalent to a half wave 
length aerial, and the effect of this is to reverse the phase of one of 
the active halves of the aerial, so that now the currents in both 
active or radiating halves of the aerial are in phase. 

For an aerial n )\ in height and assuming a good conducting 
earth, which makes the height equivalent to 2 nj, the field strength 
in any zenithal direction q can be shown to be proportional to: 


sin (2 7 0 sin q) 
2 @¢ i SIN g 


The polar diagram in the vertical plane of the one wave length 
aerial of Fig. 36 (d) is shown in Fig. 37. This represents the 


COS qa 


Va 
ee A 7 VEE vi 


Fig. 37.—Polar Diagram, in Vertical Plane, of One Wave Length Aerial 
of 36 (d). 


polar diagram of radiation close to the aerial. At a distance, the 
attenuation on certain wave lengths modifies the diagram and may 
reduce the force at the earth’s surface almost to zero.* 

For information on systems of extended aerials, refer also to 
R. M. Foster (347) and H. Chireix (280). 

The Reflector. If a second line of aerials be erected parallel 
to the first line, and spaced a quarter of a wave length between the 
lines, the effect of the second set, which are not fed with power, is 
to absorb energy from the field of the first set and to re-radiate it. 
Owing to the quarter wave length spacing, the fields due to the two 
aerial systems augment one another in the direction of one half of 
the polar diagram and cancel one another in the opposite direction, 
thus acting as a reflector. 

In Fig. 38, let A and R be the lines of aerials and reflectors and 
let the full sine curve represent the radiation from the aerials, at 
right angles to the system. At the instant shown, the field strength 


* The above method of calculating the polar diagrams for series of extended 
aerials is due to Mr. E. Green, to whom, and also to the publishers of 
‘““ Experimental Wireless’ the author is indebted for permission to reproduce 
it here. . 
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at Ais zero andis a maximum at R. There is therefore maximum 
current in R producing maximum field strength tending to neu- 
tralise the field of A. In the direction AR, the two fields continue 
in phase opposition and. neutralise one another, but note that in 
the direction RA, the fields are in phase and serve to double the 
radiation without affecting the shape of the polar diagram. 

: 
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Fig. 38.—Effect of Reflector on Radiation from Extended Aerials. 


THE WAVE ANTENNA OR BEVERAGE AERIAL 


The Beverage aerial consists of a long horizontal wire sup- 
ported at a height of some ro to 15 feet above the ground 
level and extending in a straight line from the receiver towards 
the transmitting station for a distance of usually not less 
than one wave length. In its simplest form the aerial is 
connected to earth through a resistance at the distant end, 
and the receiver end is taken to the valve amplifier which 
Is so arranged that there is no aerial damping. We saw 
on page 13 that every wave travelling over the surface of 
the earth has a_ horizontal component of electric force, 
which gives the wave a forward tilt, and in the case 
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RECEIVER DIRECTION OF SIGNAL 
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Fig. 39.—Principle of the Wave Antenna or Beverage Aerial. 
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illustrated in Fig. 39 the aerial wire is so situated that it lies 
in the direction of travel of a wave which is approaching 
from the resistance end. The horizontal electric force pro- 
duces an E.M.F. in the aerial, and a wave of current builds 
up in the wire as the electric field passes along (Fig. 39 (5) (c) 


and (d)). This current wave in the wire travels at approx1- 


mately the same speed as the field of the incident Wave, and so 
continues to become greater and greater until it reaches the 
end of the aerial which is attached to the receiver: “At this 
point, the change in the potential of the wire is conveyed to 
the receiver, and the wave of current is reflected back down 
the wire to the resistance end. In passing back down the aerial 
the amplitude of the current does not materially change except 
due to losses owing to the resistance of the wire. It is now 
important that there should not be a second reflection from the 
distant end or interference effects would result in the receiver, 


a 


Fig. 40.—Wave Antenna Equivalent Circuit. 


and this is actually the function of the resistance which is made 
of such a value that the energy in the wave is dissipated with- 
out any reflection whatever. 

The need for special measures in terminating the wire at 
the distant end will perhaps be made more clear if the aerial 
be drawn as in Fig. 40, where the wire has been divided into 
sections and the inductance of the wire and its capacity shown 
as small coils and condensers. N ow, when a wave is travelling 
along such a wire the condition that there shall be an even 
flow of energy is that the rate of discharge of each small con- 
denser shall be exactly the same as the rate at which energy 
is being fed to it. If energy could be fed too quickly or too 
slowly to any section of the wire, there would be an effect 
equivalent to the charging up positively or negatively of the 
condensers and these, on discharging, would send a wave 


‘down the wire. 


When the received wave has been reflected back from the 
receiver end of the aerial and reaches the distant end again, 
if this end were left open then, clearly the “ last condenser ” 
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as illustrated in Fig. 40, would have no means of discharging 
and would accordingly produce a reflected wave. A resistance 
‘5 therefore connected as shown in Fig. 39, this resistance 
being equal to the ratio of distributed inductance to capacity 
of the line, which is known as the Surge Impedance, with 
the result that the energy leaks away at exactly the same rate 
that it is propagated along the wire. ; 
When a wave approaches the system, from the receiver end 
of the aerial a current wave travels along the aerial as before, 
building up in strength until it reaches the resistance, where 
it is dissipated ; in this case the potential difference produced 
at the receiver end is very much smaller than before so that 
the aerial is seen to have marked unidirectional properties. 
Fig. 41 illustrates the case in which the direction of the 


AERIAL 


Fig. 41.—Plan View of Wave Antenna making an Angle @ with Direction 
of Travel of Wave. 


incoming wave makes an angle @ with the line of the aerial, 
the wave front being, of course, perpendicular to the direction 
of travel as shown. In this case the forward tilt of the wave 
front will be in the direction X P, but there will be acomponent 
of the horizontal forward electric force in the direction of the : 
aerial which will grow smaller with the increase of the angle 6, @ 
until in the broadside position there is no reception. In ad- 4 
dition to this fact the relative velocities of the current wave 
along the aerial and the motion of the point P are no longer 
equal, so that the phase relation of E.M.F. and current in the 
aerial are upset and this prevents the current wave building up 
to the same extent, as in the case when the aerial wire and the 
direction of travel of the wave are coincident. A curious 
anomaly occurs here, in that since the velocity of the point P 
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along the aerial is equal to the velocity of the wave divided by 
cos 9, it follows that P would appear to be travelling with a 
greater velocity than that of light. Owing to the fact that the 
wave front is moving obliquely across the line of the aerial, the 
point P, being the intersection of successive points along the 
wave front and the line of the aerial, will move with a velocity 
which increases as the wave front becomes more nearly parallel 
to the aerial. In the limit, when the whole wave front strikes 
the aerial simultaneously, the velocity of P is infinite, and this 
is permissible since P is the locus of a series of effects produced 
by different parts of the wave front. 

The polar diagram of reception is thus as shown in Pig. 42, 


Fig. 42.—Polar Diagram of Reception Fig. 43.—Polar Diagram of Recep- 

for Wave Antenna One Wave Length tion for Wave Antenna One Wave 

Long and Assumed to have No At- Length Long. Practical Case. 
tenuation. 


which illustrates the case of an aerial one wave length long and 
representing the ideal case, in which the line has no attenua- 
tion, and along which the current wave travels with the velocity 
of light. The calculated curve in which the true values of 
attenuation and velocity are taken into account is as shown in 
Fig. 43 for the corresponding case. 

In practice a number of modifications have been made to 
the simple circuit given here, but these are largely for con- 
venience in operation and do not affect the principle of action 
of the aerial* (247), (273), (274). 

* The above information (including illustrations) is adapted from “The 
Wave Antenna” (247), by Beverage, Rice and Kellog, a paper read before the 


A.I.E.E. and to which reference should be made for full information on the 
subject. 
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CHAPTER 3 
FRAME AERIAL RECEPTION 


In Chapter 2 it was seen that the directional properties of 
the frame aerial for normally polarised waves are vested in the 
vertical limbs of the frame, and in the early days of wireless 
reception a number of systems were evolved which consisted 
of combinations of vertical aerials, arranged to give polar 
diagrams of reception very similar to the figure eight diagram 
described above. The modern systems of direction finding, 
however, make use almost exclusively of frame aerials, and 
may be grouped under headings somewhat as follows : 


(x) Simple rotating frame aerials connected directly 
or through an intermediate circuit to an amplifier and 
detector. 

(2) Combinations of frame aerials, fixed relatively to 
each other but free to rotate as a whole and with or without 
switching arrangements for the summation of the aerial 
E.M:F.’s. | 

(3) Fixed frame aerials with an associated radiogonio- 


meter (page 131), which enables the rotating part of the 


system to be reduced to small dimensions. 


_ The frame aerial may also be used in conjunction with a 
vertical aerial for the production of a cardioid diagram, this 
being applicable both to the small rotating frames and also 
the fixed frame and radiogoniometer, as in the Bellini-Tosi 
system (page 142). 


THE SIMPLE ROTATING FRAME AERIAL AND 
INHERENT DEFECTS OF FRAME AERIALS FOR 
DIRECTIVE RECEPTION 


The frame aerials used in this tvpe of D.F. are almost ex- 
clusively multi-turn, and may be either the “ Box” or sole- 
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noid form shown in Fig. 44, the ‘‘ Pancake” form, Fig. 45, or 
a combination of the box and pancake forms. It is necessary 
to investigate, first of all, certain troublesome features of 
frame aerial reception which are common to all types of frame, 
both single and multi-turn, and whether used as a rotating 
frame D.F. or as large fixed loops in conjunction with a 
radiogoniometer. 

The circuit of the simple rotating frame D.F. is shown in 
Fig. 46, in which the valve 
amplifier is connected directly we 
across the tuning condenser. 
of the coil. Alternatively, a 
coupled circuit may be used, 
the aerial coupling coils being 
split for the insertion of the 
tuning condenser jn order to 
maintain the symmetry of the 
circuit as in Fig. 47. 

Although the theoretical polar 
diagram of a small frame aerial 
suggests, at first sight, a com- 
plete solution of the problem of 
direction finding, a number of 
serious defects are discovered 
as soon as such an aerial is 
used for the purpose in prac- 

ey tice. The most common of these 

is the distortion of the normal 
figure eight diagram in the 
manner already shown in Figs. 

22 and 23 when describing the 
Fig. 44.—Box or way in which the open aerial pie ys pan- 
Solenoid Form of or circle diagram and the figure care Form of 

prom Aerial. eight are combined to give the Frame Aerial 

heart shape. This distortion is 
characteristic of the frame aerial, and may be taken as ap- 
plicable to all systems of D.F. in which any type of frame 
is used. 

This distortion is due to two causes : 


SS 


Y, 
y 


SSS 
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(1) The tendency of the loop aerial to oscillate direct to 
earth, as a whole, through the capacity of the receiver. 
This phenomenon is known as “‘ Antenna Effect,” ‘“ Elec- 
trostatic FError,’’ “ Vertical Component” or simply 
me Vertical.:” 
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(2) Direct reception of signals on the receiver circuit, 


apart from the energy received on the aerial, and which is 
called ‘‘ Direct reception ”’ or “‘ Pick-Up.”’ 


Vertical Component. This is a most insidious trouble 
and occurs very frequently, so that the following description 
of how it arises should be particularly noted. 

In Fig. 14 it was seen that the maximum E.M.F. round a 
frame aerial existed at the instant at which the flux in the 
wave was zero and the two individual E.M.F.’s in the side 
limbs of the frame were very small. When these E.M.F.’s 
in the side limbs are at a maximum, they are opposing one 
another round the frame, so that there should be no received 
signal. Notice that at this instant, these two E.M.F.’s are very 
many times greater than the little frame E.M.F. even at its 
maximum, and it is these very large E.M.F.’s acting together 
up and down the sides of the frame which force their way 
through to the receiver and cause the minima to be in- 
definite or not diametrically opposite. Any signal which is 
heard is caused by a potential difference across the frame 
tuning condenser and it has been seen how this potential 
difference can be reduced to zero when the frame is turned 
broadside on to the wave, so that there is no linkage of flux 
with the frame or, in other words, so that the two E.M.F.’s 
in the side limbs are exactly equal and in phase with one 
another. Even when the frame is in this position,’ however, 
the large E.M.F.’s in the side limbs are still there and are tend- 
ing to force currents to earth via the two points A and B in 
Fig. 46. Now, the point B is joined to the filament batteries 
which may be standing on the floor, and will have an appre- 
ciable capacity to earth as shown in the diagram by the dotted 
condenser C, or they may be actually metallically connected 
to earth. On the other hand the A terminal is only attached 
to the grid of the first valve, which has a very small capacity 
indicated by the condenser G, so that the path to earth from 
the B leg of the frame is of much lower impedance than the 
A path. There will hence be a difference of potential between 
A and B regardless of the position of the frame. 

If the frame be magnetically coupled to the receiver as in 
Fig. 47, instead of being directly connected, then the coupled 
circuit is tuned by means of a second condenser C, across 
which the valve amplifier is connected as_before. The coup- 
ling coils L: and L. may also be considered as being the field 
coil and search coil of the radiogoniometer used in the Bellini- | 
Tosi system. So'long as the coupling between Li and Lz is 


34 


VERTICAL COMPONENT AND DIRECT RECEPTION 


fairly tight, there will be an appreciable capacity between the 
two circuits which is more or less uniform along the windings. 
Owing to the different impedances of the paths to earth through 
A and B, different currents will flow down them, so that the 
fall in potential through the winding from the mid point of 
L, to A will not be the same as that to B, and a difference of 
potential will therefore exist across condenser C, with con- 
sequent vertical effect. 

Direct Reception or ‘‘ Pick-Up.’’ The oscillatory cir- 
cuits of any receiver consist of inductances wound in the form 


YM MU 


Fig. 46.—Circuit of Simple Frame Fig. 47.—Simple Frame D.F. with 
bode Coupled Circuit. 


of coils, shunted by condensers. These coils are really tiny 
aerials, and consequently will receive signals weakly, any such 
reception being quite independent of the frame aerial. The 
polar curve of the aerial will therefore be modified according 
to the intensity of the reception on the amplifier, jigger, etc., 
comprising the receiving circuit. In the case of very small 
rotating frame aerials the “ pick-up’’ may be quite com- 
parable with the reception on the loop and large distortions 
will result. it 

Polar Diagram of Figure Eight Distorted by Vertical 
and Direct Reception. The result of vertical and pick-up 
is thus to enable the incident wave to apply an E.M.F. to the 
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A and B terminals of the amplifier which is independent of the 
direction in which the loop 1s pointing. If the phases of the 
two effects happen to be nearly coincident with the normal 
loop E.M.F., the minima are sharp but displaced as shown in 
Fig. 21, but if the phases differ, the minima are more or less) 
displaced and are impure. The polar diagram of a frame 
plus out of phase vertical is shown in Fig. 22, where it will be 
seen that no actual zero of signal occurs at any place. Ifa 
direction finder suffers from much out-of-phase vertical it will 
be readily understood that it is very difficult to take directions 


360° 


180° . 
LZ “; Fig, 48.—Distorted Scale Readings due to Vertical. 


at all, but it is important to notice that, if the minima are 
fairly pure, the correct bearing can usually be found by making 
allowance for the vertical. Thus, in Fig. 48, suppose the 
two scale readings of a figure eight bearing were 63° and 246°, 
it would in most cases be perfectly safe to assume that the 
correct figures were 643° and 2443°, which are obtained by 
adding and subtracting respectively 14° so as to bring the two 
readings 180° apart on the scale. This would only be an emer- 
gency measure, and steps should be taken to get rid of the 
3° of vertical. 

A point to be borne in mind in the practical use of the frame 
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aerial is that the amplitude of the vertical effect, and also of 
the pick-up, is independent of the tuning of the frame itself 
so that, if the loop is slightly mis-tuned, the ratio of vertical 
and pick-up to loop signal in the receiver may be greatly 
increased with consequent increase in the distortion of the 
diagram. 

The intensity of the vertical reception varies approximately 
as the linear dimensions of the loop, whereas the loop receiving 
power is proportional to the square of the linear dimensions ; 
so that the larger the frame is made, the less will be the effect 
of vertical. A similar line 
of reasoning also applies in 
the case of pick-up, the in- 
tensity of which is clearly 
quite independent of the size 
of the aerial, so that the 
aerial reception can be made 
as large as required, by com- 
parison with the direct re- 
ception on the receiver, by 
simply increasing its dimen- 
sions. 
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ELIMINATION OF 
VERTICAL 


Grid Condenser, Bal- | 
ancing Condenser or _ (‘---------------- 
‘*Compensator’’ Method. 
Vertical has been seen to be 
due to the unbalanced 
capacity to earth of the 
grid of the first valve of the amplifier and the filament bat- 
teries. The most immediate way of correcting the trouble is 
to make these two capacities exactly equal, and this can be 
done by connecting a small condenser from the grid of the 
first valve to earth, which is equivalent to putting a con- 
denser in parallel with G in Fig. 46. This is adjusted in value 
until the total capacity of G and the extra condenser is 

_ equal to C. When this is the case there can be no potential 
_ induced across the condenser C, except due to the loop E.M.F., 
because the two parallel paths to earth have equal impedance. 

Fig. 49 shows the use of a special form of balancing con- 

_ denser in which the two sets of fixed vanes are connected to 
_ grid and filament respectively and the moving plates to earth. 
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Fig. 49.—Three Plate Balancing Con- 
denser for Reduction of Vertical. 
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In some cases better results may be obtained by connecting 
the moving vane to an open aerial as shown by the dotted lines, 
instead of to earth. 

Push Pull Valve Circuit Method. <A suggested means 
of obtaining symmetry in the D.F. receiving circuit by means 
of a valve with a double grid and plate is mentioned by Kolster 
and Dunmore (199), and is illustrated in Fig. 50. 

Earthed Mid-Point. Another method is to apply an earth 

connection to the mid-point 

of the aerial coupling coil as 
shown in Fig. 51, where it 
will be seen that the loop is 
broken. at the centre and 
leads brought out for the 
insertion of the tuning con- 
denser C:. The two halves 
of L, are directly joined in 
series and the mid-point 
earthed. By this means, the 
potential of the coil Li is 
_ kept at zero with respect to 
the earth. There is thus a 
direct path to earth for the © 
vertical effect, and the dis- 
tributed capacity between 
the coupling coil is ‘short- 
circuited ; consequently no 
capacity currents flow in L2 
and no E.M.F. is produced 
by vertical effect across the 
condenser Cz. | 
This method is very effec- 
tive, but not perfect in 
practice. The residual vertical is due to two causes : 


Fig. 50.—Push Pull Valve Circuit 
for Reduction of Vertical. 


(x) Imperfections in the earth connection and also the 
inductance of the earth lead both allow the coils to vary 
slightly in potential. 

(2) Owing to the inductance of the two halves of the 
coils, even if the centre point is at zero potential, the 
ends of the coils may not be so. 


The method is, therefore, generally used in conjunction with 
other means and is regarded more as an additional safeguard 
than as a positive cure. | 
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SHIELDED TRANSFORMER 


The Shielded Transformer. 
solution of the problem than is afforded by 


earth connection, is the 
shielded transformer. In Fig. 
52 the aerial is tuned by the 
condenser C;, connected be- 
tween the two halves of the 
L, is the 
secondary which is connected 
immediately to the primary 
winding P of a transformer, 
the secondary J being shunt- 
ed by the condenser Cz. The 
transformer *.P J: ~is very 
tightly coupled, the coil J 
being, in fact, wound on top 
of P on an ebonite former. 
Under these conditions the 
whole system, L, P J can be 
effectively tuned by means 
of the condenser C2. This 
method of tuning is referred 
to in greater detail on page 


—— 
—— 


Fig. 51.—Earthed Mid-Point of Aerial 
Coupling Coils to Reduce Vertical. 


A further and more definite 
the mid-point 


84 in connection with the «‘ Aperiodic Frame Aerial." Between 


the windings 


A 


Co 


B 


Fig. 52.—The Shielded Transformer 


Circuit for Reduction of Vertical. 
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Pvand ‘|, -a\ copper? -foil «shield: : Ey ist.inter- 


posed ; this shield is metalli- 
cally connected to the com- 
mon negative terminal of 
the amplifier, which may be 
earthed. The exact arrange- 
ment of the shield and wind- 
ings will be understood from 
Big gpa 7) | 
Now, we have seen that in 
a circuit such as Fig. 47, 
vertical is largely due to 
electrostatic coupling be 
tween the aerial coil and the 
figeer.  In\ Pig. 52° the: pre: 
sence of the shield E, which 
is maintained at zero—or 
practically zero—potential, 
provides an effective block 
against any such coupling, 
since an electrostatic field 
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cannot pass through a conductor. This method of eliminating 
vertical is very effective. 


ELIMINATION OF DIRECT RECEPTION 


In order to prevent direct reception on the coils of the 
receiver and amplifier it is necessary to enclose all the apparatus 
in earth connected metal 
boxes, an electromagnetic 
wave being much attenuated 
in penetrating a conducting 
sheet. The boxes should be » 
totally enclosed, as strong 
signals will act on a coil if 
the lid of a screening box be 
only slightly opened. In 
order to overcome the diffi- 
culty of adjusting apparatus 
which is boxed up in this 
manner, permanent stations 
which employed the small 
rotating frame as a direction 
finder or directional receiver 
have frequently been pro- 
vided with an _ operating 
room, built of copper or gal- 
vanized iron sheeting, the 
windows being covered with 
metal gauze. Both in the 
case of screening boxes and 
screened operating buildings 
it is more common to use 
(¢) wood for the construction 
and to cover this with sheet 

metal on both sides. 
More recently it has been 


SS 
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che : found that individual units 
Fig. 53.—Astatic Arrangement of Sole- of directional receivers can 
noid Coils. be screened to almost any 


desired degree, and the use of screened operating rooms is 
becoming unnecessary (281) (272). 

Astatic Coils. An additional precaution often taken in. 
directional receivers is to wind all coils in the receiving appara- 
tus in sections and to arrange them astatically. Fig. 53 (a) 
shows an ordinary solenoid, with its distribution of flux, 
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and such a coil is obviously susceptible to direct reception. 
If the coil be broken into two equal sections as in (0), which 
are then arranged as in (C), it will be seen that the magnetic 
circuit becomes closed, so that there is less magnetic flux out- 
side the coil and, what is more important, the direction of the 
flux is up one coil and down the other. Any stray magnetic 
field will, therefore, have no effect on the combination and 
coupling between adjacent coils in the receiver is also re- 
duced. 

A further advantage of the astatic coils occurs when metal 
screening boxes are used for the apparatus. Owing to the 
concentration of the magnetic field inside the coils, a much 
smaller screening box can be used for a given amount of eddy 
current loss in the screen than in the case of the equivalent 
straight solenoid. 
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Fig. 54.—Displacement Current Effect in Solenoid Coil. 


DISPLACEMENT CURRENT EFFECTS 


When a solenoid frame is placed in the theoretical position 
of zero reception, the vertical limbs of the successive turns 
are spaced in the direction of propagation of the wave and 
will, therefore, have E.M.F.’s of varying intensities induced 
in them. Between the successive turns there is also an 
appreciable capacity, and so a sort of phantom loop circuit 
is formed, which has its plane at right angles to the plane of 
the actual frame aerial as shown in Fig. 54. | 

When the aerial is in the plane of zero reception, this loop 
is clearly in the position of maximum reception, with the 
result that an E.M.F. is set up between the terminals of the 
frame which is in phase with the signal E.M.F. in the frame. 
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Owing to the fact that this phantom loop is not tuned to the 
frequency of the incoming wave, the displacement current 
which flows will be approximately 90° out of phase with its 

The displacement current effect changes sign when the coil 
is rotated through 180°; actually the change takes place at 
the instant of maximum reception by the frame, at which 
instant the displacement current is zero. Fig. 55 shows the 
polar curve of the normal frame reception, and also that of 
the displacement current effect, consisting of a smaller figure 
eight diagram at right angles to it. The resultant diagram 1s 


DISPLACEMENT 
CURRENT 


RESULTANT 


Fig. 55.—Distortion of Figure Eight Diagram due to Displacement 
Current Effect (Jour. Franklin Inst.). 


obtained by the vector sum of the two components, taking 
into account the fact that they are in quadrature. 

With a pancake coil construction the Displacement Current 
effect is absent since, in the position of minimum reception, 
all the vertical limbs of the frame are in the same plane and 
parallel to the wave front. On the other hand, the pancake 
coil has a greater capacity to earth than the box form of coil 
of the same receiving power, and so is more prone to vertical. 
Multi-turn frames are sometimes constructed by a combina- 
tion of the box and pancake forms, so arranged to have the 
minimum vertical and displacement current effects for a given 
value of area-turns. ) 

If a circuit has an appreciable degree of both displacement 
current and vertical, the effect is to make one minimum of the 
figure eight comparatively sharp whilst the other is extremely 
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indefinite. Blatterman (139) gives the resultant polar 
diagram of Fig. 56, by combining the three components with 
due regard to their phase relations. 


FRAME AERIAL DESIGN 


It is not proposed to consider the design of multi-turn 
frame aerials ; for details of this subject the reader is referred 
below to a number of papers‘and articles, in the reading 
of which, however, it is well to take careful note of how the 
various writers have obtained their results. As an example, 
suppose that a statement is made that a frame aerial of given 
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Fig. 56.—Distortion of Figure Eight Diagram due to Combination of 
Vertical and Displacement Current Effect (Jour. Franklin Inst.). 


dimensions, gauge of wire, number of turns and spacing has 
a certain optimum wave length when used for D.F. reception. 
It is first of all necessary to know whether the frame is to be 
connected to the amplifier by taking leads direct from the 
terminals of the frame tuning condenser as in Fig. 46, or 
whether it is to be inductively coupled as in Fig. 47. Fhe 
results obtained will be different in the two cases and for the 
following reason. | 

If a frame aerial and tuning condenser could be represented 
accurately by the diagram of Fig. 57, then the problem woul® 
be a simple one for, in order to find the wave length which could 


be received with maximum signal strength, it would only be ~ 


necessary to insert a current measuring device anywhere in the 
circuit and to note the wave length which gave maximum 
current—the field strength of the incoming wave being checked 
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meantime to ensure that it was constant for all wave lengths 
and, of course, the frame being accurately tuned throughout. 
Alternatively, the potential difference across the tuning con- 
denser could be measured and this would give identically the 
same result as the current measurement method since the whole 
of the current in the circuit is charging the condenser. 

We have seen that the turns of a multi-turn frame have a 
considerable distributed capacity, so that the diagram of the 
circuit is more correctly indicated by Fig. 58, in which the 
capacity of the frame is shown by the small condensers Cr, 
C,, C3, etc. In this case it is clear that during the part of the 
oscillation, when the current is leaving the inductance to charge 
the tuning condenser, some of the current will flow into the 
distributed capacity of the windings and the condenser will 


CONCENTRATED 
INDUCTANCE 


CONCENTRATED 
CAPACITY 
Fig. 57.—Schematic Drawing of Frame Fig. 58. Frame Aerial and Tuning 


Aerial and Tuning Condenser. Condenser with Distributed Capac- 
ity Indicated. 


not be charged to the same potential as it would if Fig. 57 
represented the true state of affairs. If the wave length of 
the incoming wave be varied, it will probably be found that a 
condition of maximum condenser P.D. exists for some wave 
length other than that which gives maximum current in the 
frame and coupling coil. , 

Some writers on the subject of frame design tend to reduce 
the value of their work by not making quite clear how the 
measurements were made, and in other instances the measuring 
device appears to have been so located that the results are of 
very little use for any practical purpose. 

In making use of frame design data the above points should 
be kept in mind, and provided that the conditions under which 
the tests were made are the same as those under which the. 
frame is to operate, useful information can often be gained 
as to the dimensions to be adopted for a given wave range. On 
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the other hand, the design of a frame is frequently governed 
by some other factor than maximum efficiency ; the linear ~ 
dimensions may be limited, the windings may be. bunched 
together and enclosed—or partially enclosed—in wooden or 
metal weatherproof casing, connections may be made to other 
parts of the frame winding, in addition to the terminal connec- 
tions, in order to suit some special receiving circuit, and so on. 
In any of these cases and many others the published design 
data would rarely be of any very great help, and the designer 
would make trials in order to find the best frame winding for 
the given conditions. 

Of the many articles on frame aerials, the best known include 
those by Blatterman (128 and 139), Del- 
linger (133, 146 and 149),,Austin (170), 
Mesny (30z) and also the following: 
(136), (211), (224). 


DETERMINATION OF ‘' SENSE” 
OR ABSOLUTE DIRECTION 


The Heart-Shaped Diagram Cir-— | : 
cuit. It was shown on page 32 that 
the heart-shaped diagram of reception ~ 
could be obtained by combining the 
effects of the frame and open aerials, 3 
and in order to do this the addition or 
subtraction of the currents in the two 
aerials is performed electrically by means pi, 29 Addition of 
of couplings. In Fig. 59 are shown F's py Couplings. 
three inductances, the coils I and 3 ? 
being both coupled to the coil 2. In such a case, the E.M.F. 
induced in 2 by 1 will be proportional to the intensity of the 
current in 1; similarly, the E.M.F. induced in 2 by the 
current in 3 will be proportional to that current. The total 
E.M.F. in 2 is given by the algebraic sum of these two 
E.M.F.’s, being equal to the difference of the two if they 
are 180° out of phase and to their sum if they are in phase. 
The E.M.F. in;2 is therefore proportional to the algebraic 
sum of the currents in 1 and 3. Since the current in 2 is 
proportional to the E.M.F., it is also proportional to the sum 
of the two currents and such a combination of coupling thus 
affords a means of electrically adding or subtracting individual 
alternating currents... 

It is, hence, only necessary to include coil r in the circuit 
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of the open aerial and coil 3 in that of the frame and to adjust 
the degree of coupling so as to get the correct ratio of open 
aerial to frame effect in order that a resultant E.M.F. and 
current may be produced in the circuit, proportional to the 
ordinates of the polar curve of Fig. 23 (c) for various angles of 
incidence of the incoming wave. 

It has so far been assumed that the E.M.F.’s and currents 
in the open aerial and frame are in phase, but this assumption 
is not correct. It was seen on page 20 that the E.M.F. in- 
duced in an open aerial by a passing wave is in phase with the 


Fig. 60.—Heart-Shape Circuit using Tuned Open and Frame 
Aerials with Intermediate Circuit, 


flux in the wave, whereas, in the case of a loop aerial it was 
explained on page 26 that the E.M.F. is 90° out of phase with 
the flux in the wave. We cannot change the relative phases 
of these E.M.F.’s because they are inherent in the receiving 
properties of the frame and open aerials; we can, however, 
shift the phase of the current which flows as a result of an 
alternating E.M.F. by altering the reactance of the circuit, 
and in this way, the two currents in the open and loop aerials 
can be brought into step. 7 

Fig. 60 illustrates a circuit which fulfils these conditions, | 
the open aerial being tuned by the condenser C,; and the 
inductance L; to the wave length to be received. The frame 
is tuned by the condenser C, and the split inductance L; Ly. 
The common intermediate circuit L, L; P is tuned by the 
variable condenser C, and is coupled by the coil P to the jigger 
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secondary J; the A and B terminals of the amplifier being 
connected across the secondary tuning condenser C,. The 
summation of the currents in the aerials is carried out in the 
intermediate circuit and their relative effects are controlled 
by the values of the couplings of this circuit to the two aerials. 
The necessary phase adjustments are obtained by the tuning 
condensers C; and Cz. | 

- There is no necessity to use a separate length of wire for 
the open aerial. In Fig. 61 is shown a circuit in which the 
principle of earthing the mid-point of the coupling coils is 
used for this purpose. In Fig. 51, this was illustrated as a 
method of reducing the effect of vertical, but here the vertical 


Fig. 61.—Method of Avoiding Use of Separate Open Aerial. 


is actually used to supply the required open aerial E.M.F. 
The incoming wave will induce an E.M.F. between the frame 
aerial, taken as a whole, and earth and this E.M.F. will cause 
an alternating current to flow from the mid-point M to earth 
through the condenser C; and the coil L:. Half this current 
in the frame aerial will flow through L, and half through L, 
since the aerial is symmetrical in every way. These two 
currents being in opposite directions through L; and L, there 
will be no resultant magnetic field produced in L; and the 
amplitude of the E.M.F. induced in the intermediate circuit 
may be controlled entirely by the coupling between L; and L, 
and the phasing by C, and Cz, as before. 

Phase Adjustment of Heart-Shape with Tuned Aerials. 
When an alternating E.M.F. is applied to any circuit which 
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possesses capacity and inductance, the alternating current 
‘which flows does not necessarily rise to its maximum values 
at the same time as the E.M.F., but may be out of phase, 
so that it has its maximum either earlier or later. Only when 
the inductive and capacity reactances are exactly equal is 
the current in phase with the E.M.F. Reducing either the 
inductance or the capacity ina simple open aerial circuit has 
the effect of increasing the ratio of capacity reactance to in- 
ductive reactance and produces a “leading” current. That 
is to say, the current reaches its instantaneous maximum 
earlier than the E.M.F. On the other hand an increase in 
the “tune” of the circuit decreases this ratio, and results 
in a ‘‘ lagging “current. 

Consider now the adjustment of the circuit of Fig. 61 with 
the aid of a vector diagram showing the phase relations of 


(b) (c) 
Fig. 62.—Vector Diagrams for Tuned Heart-Shape Circuit. 


the E.M.F.’s and currents in the two aerials. In Fig. 62 O F 
is the vector representing the flux in the wave, Ey is the 
E.M_F. in the open aerial which we know to be in phase with 
the flux in the wave (page 20) and Ex: is the frame aerial 
E.M.F. which lags go° on the flux. (Assuming counter- 
clockwise rotation of vectors.) Now suppose we adjust Cz, 
Fig. 61, so that the current in the open aerial leads 45° on the 
E.M.E. as illustrated in Fig. 62 (a) by the vector ly. Further, 
C, is adjusted so that the frame current Jags 45° on the E.M.F. 
in the frame, this being shown by the vector I; which is seen 
to be in phase opposition to Iy. By means of the couplings 
between the two aerials and the intermediate circuit, these 
two currents can be arranged to induce E.M.F.’s, in the 
intermediate circuit, which are equal in amplitude and in 
opposite directions round the circuit, giving the condition of 
zero signals which is taken to indicate sense when using the 
heart-shape circuit. 

Reversal of Sense. Two possibilities exist whereby an 
incorrect sense indication may be given owing to mistakes 
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in the adjustment of the circuit, namely, reversal of a coupling 
and incorrect phasing of the aerial circuits. 

Reversal of a Coupling. Suppose that when the circuit 
is correctly balanced, the coupling L; be reversed, either by 
changing the connections over or by actually turning the coil 
round. This process means that we reverse, at every instant, 
the direction of the E.M.F. induced in the intermediate circuit 
by the frame aerial and this corresponds to a 180° change of 
phase. In this case, instead of the diagram of Fig. 62 (a) we 
get that of Fig. 62 (b), where I: is now in phase with I, so 
that the heart-shape maximum is obtained. In order to get 
a zero balance, without further alteration to the circuit, the 
frame aerial will have to be rotated through 180°, which is the 
equivalent of a reversal of sense. 

Incorrect Phasing. Suppose that having adjusted the 
phase of the open aerial so that the current leads 45° and that 
of the frame aerial so that thé frame current lags 45° it is 
found that a correct sense indication is given. Now imagine 
these phase relations to be reversed by slight mistuning, so 
that the open aerial current /ags 45° and that of the frame 
leads 45°, then, as shown in the vector diagram of Fig. 62 (c), 
I, and I+ are again in phase and, just as in the above case 
a reversal of sense again occurs. 

The danger of a reversed sense indication in the case of a 
ship D.F. installation and the combination of difficulties 
attached to the operation of the heart-shape circuit with 
tuned aerials led to the development of a method of phasing 
which gives ‘far more stable conditions. 


APERIODIC OR ‘‘ RESISTANCE PHASED ”’ OPEN 
AERIAL 


On page 22 was given an example of the effect upon the 
impedance of an aerial caused by a comparatively small 
amount of detuning of the circuit and it was seen that the 
amplitude of the aerial current changed far more rapidly, for 
a given degree of mistuning, when the aerial resistance was 
low. The effect upon the phase relation of the current and 
E.M.F. is equally striking. 

The aerial in the example had the following constants : 


Resistance, 10 Ohms. 
Total Inductance, 202-64 Mhy. 
Total Capacity, 0:0005 Mfd. 
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giving inductive and capacity reactances of 636°6 Ohms at 
an applied frequency of 500,000 corresponding to a 600 metre 
wave length. When detuned by means of the variable con- 
denser so that the capacity was 0-00049 Mfd., the capacity 
reactance became 649°6 Ohms. 


If » be the angle of lead, then : 


649°6 —636°6 
Lan os = 
The 2°%, change in capacity, which is equivalent to a 8} 
metre change in the natural 
wave length of the circuit, 
has thus produced a 52° 
angle of lag in the aerial 
current. 

Suppose now that the 
aerial resistance be in- 
creased to 100 Ohms, then, 
tan ¢ =0'13 and ¢ is re- 
duced to 7° 25’. With an 
increase of aerial resistance 
to 1,000 Ohms, tangbecomes 
0013 and @ is only 0° 45° 
so that providing that re- 
sistances of this order can 
be tolerated, there exists a 
method of. stabilising the 
phase relation of the aerial 

ae 63.—Heart-Shape Circuit using an ae Seria ee 

uned Frame and Resistance Phased ; 

pened: conversely, the applied fre- 

uency, may vary several 

per cent. But we know that the E.M.F. round a frame is 

very small compared to that in an open aerial of the same 

height, and it is found that resistances up to 2,000, 3,000 or 

5,000 Ohms can be put in series with an open aerial of 

moderate size, and, by coupling to a frame aerial as in Fig. 

63, an E.M.F. can be induced which will balance that induced 
directly in the frame by the wave. 

There is an important difference between the circuit of 
Fig. 61 and that of Fig. 63 in that there is no common inter- 
mediate circuit used in the latter and also the frame in Fig. 
63 is tuned exactly to the incoming wave instead of being 
slightly mistuned in order to give the necessary 45° lead or 
lag to the frame current. The vector diagram for the condi- 
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VALVE COUPLED OPEN AERIAL 


tion of heart-shape balance is given in Fig. 64 where O F is 
the flux in the wave and Ev the open aerial E.M.F. in phase 
with the flux. Iy is also in phase with Ev because the added 
resistance in the open aerial swamps the 

effect of any slight mistuning which may F 

exist. The frame E.M.F. lags go° on the 

flux in the wave and since the frame is ac- 

curately tuned, the current is in phase with Ev 

the E.M.F. and is also go° out of phase with 
Iy. The E.M.F. induced in L;: by Iv will, 
however, lag go° on the current I, so that 
provided the coupling between L: and L.z E 
has been adjusted to give the correct ampli- If f 
tude, there will be an exact balance. Mis- Fig. 64. — Vector 
tuning of the frame will not appreciably Diagram for Circuit 
affect ;the ,minimum of the heart-shaped of Fig. 61. 
diagram and can never result in a reversed 

sense indication. A practical application of this circuit is 
in the Marconi “ Lifeboat D.F.” given on page 128. 

Valve Coupled Open Aerial. A method of rendering 
an open aerial almost completely aperiodic is shown in Fig. 
65. The open aerial is connected to earth through a 

NY, ie resistance of about 
} ~00,000 Ohms, the 
top point of which 
is connected to the 
grid of a_ valve ; 
the values of plate. 
current and grid 
bias being so ar- 
ranged that the 
valve is working on 
the straight part of 
its plate current- 
grid volt character- 
istic and is not pas- 
sing grid current at 
any Gimenal we 
anode circuit of the 
valve contains the 
coupling coil to the 
frame or the low 
damped intermediate circuit of a directional receiver. 

This arrangement is almost aperiodic and all oscillations 

taking place in the open aerial will cause corresponding 
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Fig. 65.—Valve Coupled Aperiodic Open Aerial. 
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fluctuations in the potential of the grid of the valve, due to the 
varying potential drop across the resistance. These oscilla- 
tions will be repeated in the anode circuit and the coupled 
circuit willrespond to that frequency to which it has been tuned, 
so that, by adjusting the coupling between them, a correct 
cardioid balance can be got with very little trouble. 

This method of coupling the open aerial to the receiver has 
the advantage that in case the ratio of open aerial reception 
to frame reception in any installation is not high enough to 
give a satisfactory heart-shaped diagram, after the requisite 
amount of resistance has been added for phasing purposes, 
the amplification of the 
valve will bring the open 
aerial effect up to the re- 
quired amount. 

The simple circuit de- 
scribed above has to be 
slightly modified in practice. 
Owing to the very high re- 
sistance of the open aerial, 
any charge imparted to the 
aerial will take an appreci- 
able time to leak away, and 
during a storm of rain from 
an electrically charged cloud, 
a large positive or. negative 
charge will collect on the 
aerial and will have the 
effect of sweeping the coupling valve either up its curve to 
saturation or down to zero plate current. ‘The circuit is there- 
fore more usually arranged as in Fig. 66, which provides 
capacity coupling from the aerial to the valve, allowing the 
grid to follow the fluctuations in potential across the aerial 
resistance without being affected by a static charge. 

Disadvantage of Valve Coupled Open Aerial. Un- 
fortunately, this use of a coupling valve has a serious defect 
when used in a district in which there is a large number of 
transmitting stations. Suppose that the frequency which it 
is desired to receive is, say, 100,000 cycles and that there 
are two transmitters in the neighbourhood working on 
frequencies of 1,000,000 and 900,000 cycles respectively. 
The difference in frequency between the two transmitters is 
100,000 cycles, but this should have no jamming effect since 
the beat frequency is not rectified and therefore has no com- 
ponent at the 100,000 frequency. If, however, the coupling 
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Fig. 66.—Fig. 65 with Addition of 
Capacity Coupling to Aerial. 


BUREAU OF STANDARDS D.F. CIRCUIT 


valve rectifies this 100,000 cycle beat in the slightest degree, 
then there will be interference whenever the two stations are 
both radiating. 

Theoretically the valve is working on the straight part of 
its curve, and so cannot rectify, but actually no valve has a 
perfectly straight characteristic and a slight amount of recti- 
fication always takes place. The effect can sometimes be 
reduced by the use of a very high plate voltage, and ap- 
propriate grid bias, or by employing a ‘‘push-pull”’ circuit, 
but it is very difficult to eliminate the trouble altogether and 
it remains a most disconcerting form of interference since a 
receiver working on several thousand metres, and fitted with 
high frequency filter circuits, can be completely jammed by 
stations on a few hundred metres. 


BUREAU OF STANDARDS, S.F.R. AND TELE- 
FUNKEN FRAME CIRCUITS 


We now come to a frame aerial circuit which is less conven- 
tional than those described so far but which has a number of 
interesting features and has been adopted by the Société 
Francaise Radio-Electrique for their ship and shore pattern 
D.F.’s; by the Bureau of Standards in a modified form for 
their portable D.F. and also by the Telefunken Company. 
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Fig. 67.—-Capacity to Earth of Frame Aerial. ' 


In Fig. 67 is shown a frame aerial which may be assumed 
to be-situated a few feet above the earth and tuned to an 
incident wave by the condenser C1. This frame has a capacity 
to earth as illustrated by the dotted condensers, and clearly 
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there must be some point E at, or near, the mid-point of the 
frame winding which can be connected directly to earth 


Fig. 68.—Symmetrical Earth Connec- 


tion of Mid Point of Frame. 


“ mid-point ” 


‘sent due 


as in Fig. 68 without dis- 
turbing the symmetry of the 
circuit. The changes of 
potential across the plates of 
C, still remain of the same 
amplitude as before and any 
vertical effect which was pre- 
to: the “‘franie 
functioning as an open aerial, 
has been fairly effectively 
neutralised. 

Now let one plate of the 
condenser Cz be connected 
to the grid of the first valve 
of the amplifier as in Fig. 
69. In order to retain the 
symmetry of the circuit, the 


connection will have to be moved from E to 


some point E; in order to make up for the added filament- 


grid capacity of the valve ; 
it being assumed that the 
common negative pole of the 
amplifier batteries is also 
connected to earth. This 
arrangement is found to give 
a very good figure eight 
diagram with crisp minima 
free from the effect of verti- 
cal. 

Bureau of Standards 
Portable D.F. Circuit. A 
simplified form of this circuit 
is given in Fig. 70, where 


it will be seen that the © 


critical position for the 
earth connection of the 
frame in order to eliminate 
vertical effect is avoided by 
the use of a_ three-plate 
balancing condenser. The 
Bureau of Standards state 


Fig. 69.—Asymmetry of Frame due 
to Grid Connection. 


(Dunmore, 365) that the frame connection shown in Fig. 70 
gives greater stability to the circuit, requires a balancing 


S.F.R. FRAME CIRCUITS 


condenser of less capacity than does the normal frame con- 
nection because of the increased symmetry of the circuit, 


and that it increases some- 
what the frequency range of 
a given direction finder coil 
and tuning condenser on ac- 
count of the removal of the 
valve capacity from across 
the terminals of the frame. 
A more complete, and 
ilustrated, account of this 
direction finder will be found 
on page I12. 
' §.F.R. Heart-Shape Cir- 
cuit. Vertical effect is nor- 
mally prevented in the cir- 
cuit of Fig. 69 by the direct 
earth connection of the elec- 
4rical centre of the frame 
which virtually short-circuits 
the open aerial to earth and 


Fig. 70.—Balancing Condenser for 
Restoring Symmetry of Circuit. 


prevents it from ever assuming an appreciable potential above 


that of the earth. 
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Fig. 71.—Resistance R inserted to 
Increase Vertical Effect and give 


Unilateral Reception. 
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If now this direct earth connection be 


modified by introducing a 
variable resistance, as in 
Fig. 71, the vertical effect 
will gradually become more 
noticeable as the resistance 
is increased and the short- 
circuit removed, for there 
will now be a definite poten- 
tial drop across the resist- 
ante Li eepot eta | 
changes of the point E will 
be communicated to both 
plates of Cx, and being in- 
dependent of the direction 
of the incoming wave, will 
produce a circle diagram of 
reception, the amplitude of 
which can be varied by 
means of the resistance R. 
By suitably adjusting the 
relative amplitudes of the 
circle and figure eight 
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diagrams, a resultant diagram can be obtained which will in- 
dicate sense although a true cardioid is not possible with this 
simple circuit. Clearly, as 
there is no tuning condenser 
or inductance in the “ open 
aerial ’’ circuit, the phase of 
the vertical current will be 
leading by a very large angle 
on the open aerial E.M.F. 
and since the frame current 
is assumed to be in phase 
with its E.M.F., a diagram 
with a sharp minimum will 
not be possible unless the 
frame be slightly detuned. 

In Fig. 72: is ‘shown 
modification of Fig.71, which 
allows of a perfect cardioid 
diagram being obtained. The 
action of the circuit will be 
more clear if it be redrawn 
asin Fig. 73.where F Fare 
the two halves of the frame. 
This will be seen to be exactly the same circuit, but the 
action of the vertical effect is rather more clear. The system 
has two degrees of freedom. The frame effect is due to the 
E.M.F. induced round the frame, the complete frame circuit 
now consisting of the active 
section F F and also the two 
coils L; L. which are in 
parallel with the frame 
across the condenser Cx. 
Acting as an open aerial, 
the complete system is 
tuned by the condenser Cz 
and with this arrangement, 
the phase of the vertical 
current can be made to 
balance the frame current 
and the relative amplitudes 
varied as before by the re- 
sistance R. 

Frame Aerial Reaction. 
The use of valve reaction on a frame aerial used for direction 
finding is generally attended by indefinite minima owing to 
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Fig. 72.—Modification of Fig. 71 to 
give True Heart-Shape. 


Fig. 73.—Re-arrangement of Fig. 72 
to illustrate the Two Degrees of 
Freedom of the Circuit. 


SIEMENS’ AND TELEFUNKEN D.F. CIRCUITS 


the fact that the troubles due to lack of symmetry of the 
circuit are exaggerated. Fig. 74 shows a way in which the 
above circuit may be adapted to the use of reaction by 
employing a separate reaction valve, the grid of which is 
connected to the plate of the tuning condenser C,; other 
than that to which the amplifier is connected. The plate 
coil of the reaction valve is coupled to Li Lz, the mid- 
point of which is maintained at earth potential, thus ensuring 


> TOH.T. 


AMPLIFIER 


Fig. 74.—Frame Reaction by Use of Fig. 75.—Alternative Method of 
Second Valve. Obtaining Frame Reaction. 


that there shall be no capacity coupling. An alternative 
method is shown in Fig. 75. 

The practical applications of the above frame aerial circuits 
are described on page 95 in connection with the direction 
finding apparatus of the Société Francaise Radio-Electrique. 


Siemens’ and Telefunken Frame Aerial Circuits. 
‘The circuits used by Messrs. Siemens Bros. and Company and 
the Gesellschaft fiir Drahtlose Telegraphie (Telefunken) for 
their rotating frame direction finders are very similar to those 
just described in connection with the S.F.R. but differ in 
certain details and in the method of applying reaction to the 
frame circuit (323) (374). 
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Fig. 76 shows the circuit used for the Telefunken Portable 
D.F. and it will be seen that the mid-point of the frame is 
connected to the filament batteries, and one side of the tuning 
condenser to the grid of the first high frequency amplifying 
valve. The other side of the tuning condenser is, however, 
taken to the moving vane of a three point condenser, the two 
fixed plates of which are connected respectively to the plates 
of the first and second high frequency valves. By means 
of this capacity coupling between the grid circuit of the first 
valve and the plate circuit of either the first or second valve, 
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Fig. 76.—Circuit of Telefunken Portable D.F. 


any degree of reaction or anti-reaction may be applied to the 
high frequency amplifier. The complete circuit, which also 
includes a heterodyne for C.W. reception, is shown in Fig. ror. 

The residual, vertical effect, which is not eliminated by the 
mid-point connection is disposed of by means of a small open 
aerial, which is connected to the moving vane of another three 
plate condenser, the fixed vanes in this case being connected 
to either side of the frame tuning condenser. Sharp minima 
can be obtained by the adjustment of this condenser but there 
is no tuning in the open aerial and it cannot be used for sense 
determination. 
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A circuit used in one model of the Telefunken Ship D.F. is 
shown in Fig. 77 and differs from the portable D.F. circuit in 
having a coupling coil at the centre of the frame, the mid 
point of which coil is taken to a potentiometer connection 
across the filament batteries for the purpose of applying the 
correct potential to the grid of the first H.F. valve. - The 
open aerial, which is tuned for the purpose of sense deter- 
mination, is fitted with a switch which cuts out the tuning 
condenser so that aerial may be used to balance out the 
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Fig. 77.—Circuit of Telefunken Ship D.F. 


effects of vertical which are sometimes found to be difficult to 
eliminate in ship installations by the simple expedient of the 
earthed centre of the frame. The above circuit, with minor 
changes, is now used by Messrs. Siemens in their ship D.F. 
The complete circuits, together with a more detailed des- 
cription of the apparatus, will be found on page QQ. 


THE ROBINSON D.F. SYSTEM 


Whilst the method of taking bearings on the minimum signal 
strength is almost universal, there are certain applications 
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of the direction finder in which it is preferable to have 
fairly strong signals at the instant of taking the bearing. An 
example of this is in aircraft installations where the noise of 
the engines makes it difficult to work with very weak signals. 
In some cases it may be required to read the transmitted 
signals throughout the process, which is impossible when the 
intensity passes through a zero value. 

This defect is obviated in the Robinson system in which the 
bearing of a station is indicated by a minimum value of signal 
strength, but this minimum 

is not a zero point. The 
method consists essentially 
in the use of two frame 
aerials fixed at right angles 
to one another, and free to 
rotate in a vertical plane. 
One of these frames (Fig. 78) » 
is known as the Main Coil 
and, at the instant of taking 
the bearing, this frame is in 
the plane of the direction 
of the incoming signal ; 
that is to say, the induced 

E.M.F.isa maximum. The 
second frame is called the 
Auxiliary Coil and has no 
E.M.F. induced in, it under 
the above circumstances. 
je If, therefore, switching ar- 
rangements be provided 
whereby the auxiliary coil 
may be placed in series with 
the main coil, first in one 

Fig, 78.—The Robinson D.F. Circuit. direction and then the other, 

: no appreciable difference 
should be observed in the resultant E.M.F. of the two 
frames from that induced in the main coil alone. The aerial 
system is tuned by means of the variable condenser and 
the signals are amplified and received in telephones in the 
ordinary way. 

Fig. 78 shows the circuit in which S; is arranged to 
reverse the auxiliary coil when it is in series with the main 
coil and the switch S, disconnects the auxiliary coil and re- 
places it by a balancing inductance L, which is given such a 


value that the circuit is not thrown out of tune when receiving 
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on the main coil alone. A transformer is inserted in the leads 
to the amplifier which prevents the grid of the first valve of the 
amplifier being isolated during switching operations. 

Fig. 79 shows plan views of the two frames at right angles, 
together with the polar diagrams of reception of each. If 
now, the direction of the incident wave corresponds exactly 
with the maximum of the main coil, then the E.M.F. induced in 
the main coil will be proportional to the ordinate Om and there 
will be no E.M.F. in the auxiliary frame. Suppose, on the other 
hand, the direction of incidence of the wave makes a small 
angle @ with the plane of Y 
the main coil, then the 
E.M.F.in the main coil will 
be Om’, which is practi- 
cally equal to Om, and the 
E.M.F. in the auxiliary 
frame will be Oa’. On al- 
ternately adding or sub- 
tracting the E.M.F.’s in the 
two coils, the resultant will 
vary from Or’ to Or, the 
difference being equal to isco 
ewiec mice HaM Fovin the, (2 4N 
auxiliary coil and the sensi- RecePtion 
tiveness of the method de- 
pends on what is the small- AUKILIARY 
est ratio of Or’: Or which RECEPTION 
can be detected by the 
human ear. Clearly, the 
directive properties are 
vested in the auxiliary coil 
and the greater the receiv- 
ing power of this coil is Fig. 79—Theory of the Robinson D.F. 
made relative to the main 
cou, the greater will be the ratio of Or’ : Or for a given angle 0. 

Relative Sizes of Main and Auxiliary Coils. It has 
been found in practice that if the area-turns of the auxiliary 
coil be made equal to those of the main coil, the change in 
signal E.M.F. corresponding to a movement of 1° from the 
minimum of the auxiliary frame, is 3-5 per cent. When this 
ratio of area-turns is increased to Io (the auxiliary coil being 
the greater) the signal E.M.F. variation for 1° swing is found 
to be 35 per cent or, in other words, the sensitiveness improves 
as the system approaches a simple frame. Under these condi- 
tions, the superimposed signal due to the main coil becomes 
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very weak and the increased sensitiveness is in danger of being 
more than nullified by the noise and interference which it is 
the function of the system to avoid. A compromise must 
therefore be effected and the Royal Air Force found, when 
using this system in aircraft, that a ratio of Auxiliary coil 
area-turns to Main coil area-turns equal to 2'5 rendered. the 
apparatus sensitive to within about 1° and gave the best all 
round results (158) (194). . 

In Fig. 79, the E.M.F. in 
the auxiliary coil has been 
taken as 2°5 times that in 
_ the main coil. 

The effect of the relative 
sizes of the two coils is shown 
rather clearly if the polar 
diagram be drawn in another 
way. Fig. 80 shows the polar 
curves of the two coils com- 
bined for each position of 
the reversing switch and it 
is seen that the effect of con- 
necting the coils in series, 
first in one sense and then 
the: other, is virtually that 
of swinging a simple frame 
of slightly larger dimensions 
than either of the actual 
coils. The swing in this 
case is about 22° and it is 
clear that the more nearly 

Fig. 80, Alternative Method of the coils coincide in area- 

Illustrating Theory of the Robinson turns, the greater will be 

; ees the swing of the equivalent 
simple frame, up to 45° when the coils are equal. 

Errors. Troubles due to directional reception and vertical 
are experienced for the same reasons that have already been 
stated in connection with the simple frame, although the effects 
are modified in some respects, and the methods which have 
already been described for eliminating the errors are adaptable, 
in general, to this system. 

The portion of the direct reception on the main coil connec- 
tions, or transformer primary, which is in phase with the signal 
E.M.F. serves only to increase the main coil maximum signal 
intensity and does not affect the accuracy of the bearings. 
Direct reception on the auxiliary coil leads will produce errors 
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since, even when the coil is at right angles to the direction of 
the incident waves, there will be a residual E.M.F. across the 
reversing switch terminals. 

Vertical gives blunt minima when out of phase with the 
signal E.M.F.; if in phase, it results in the auxiliary coil 
minima being less than 180° apart, with consequent error. 

Direction Finding with the Robinson System. The 
unequal receiving powers of the two coils, whilst improving 
the sensitiveness of the apparatus, may lead to difficulty in 
its operation owing to a certain ambiguity which may possibly 
arise. The original method of taking a bearing was to obtain 
approximately maximum signals on the main coil, with the 
balancing coil in series, and then to throw the switch 3S. 
(Fig. 78) and find the exact | 
Maximum point by means of 
the reversing switch S,;, in 
the manner described above. 
Since some difficulty is al- 
Ways met in finding the 
position of the maximum 
signal strength on the main 
coil, it may happen that 
when the auxiliary coil is 
switched in, the methods of 
balancing mentioned above 
do not give the desired re- 
sult. 

Fig. 81 shows the two 
equivalent simple frame 
polar diagrams super- 
imposed, the direction of balance being along X O, in which 
case the signal strength for both positions of the reversing 
switch is Or. Suppose, however,: that for some reason, the 
frames have been rotated until the direction of the incident 
wave is along the line P O, then on switching in the auxiliary 
coil and operating the reversing switch, the signal intensities 
will be proportional to Or; and Or’:. On rotating the coils 
back towards the main coil maximum so that the incident 
wave arrives along the line P’ O, the signal ratios on reversal 
become Or, and Or’, which are seen both to be less than before 
and also, since rz has now fallen almost to zero, the discrep- 
ancy between the two signal intensities is much more pro- 
nounced. If the operator fails to realise the cause of this, 
he will, instead of continuing to rotate the coils through the 
zero position for rz, turn the coils in the opposite direction 
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in an attempt to get a closer agreement between r and r’ and 
after passing through positions P” O, etc., will eventually get 
an exact balance of randr’ at O Y. 

In this case the whole circuit will be reversed, the main coil 
and auxiliary coil have changed functions and a go° error 
results. . 

Avoidance of 90° Ambiguity. All chance of go° am- 
biguity can be avoided by ensuring that the approximate 
main coil maximum is located, in the first place, within the 
arc bounded by O Z: and O Zz in Fig. 81; the points Z: Za 
‘being where the main and auxiliary coil E.M.F.’s are equal 
and a zero signal is obtained on reversal. 

Instead of searching first of all for the main coil maximum, 
therefore, the reversing switch is thrown first in one direction 
and then the other and the positions of the two mimina noted. 
The required bearing will be midway between these two minima 
and can be found-in the usual way. This. method of taking 
bearings renders the balancing coil and the switch’S. un- 
necessary as the auxiliary coil is never out of circuit. 

‘Information regarding this system of D.F. will also be found 
in the following references: (159), (160), (161), (x68), (179), 
(183), (212). 


THE APERIODIC FRAME AERIAL 


The use of what is generally known as the aperiodic frame 
aerial has been developed chiefly in connection: with the 
Bellini-Tosi system, and its practical applications are men- 
tioned at greater length in Chapterse5; 409m and 12; sit 
however, applicable to the simple rotating frame and its 
discussion logically follows at this point. Although described 
below in its application to the simple frame, it must be under- 
stood that the system of two fixed aerials with a radiogonio- 
meter behaves in every way as a rotating frame of very large 
dimensions. By turning the small search coil round, we are, in 
fact, electrically rotating such a frame, and in subsequent parts 
of the chapter when we refer to the various properties of a 
“frame” the reader should understand that such remarks 
apply with equal force to fixed aerials and radiogoniometer. 

It has been seen that the phase of the current in a tuned 
aerial circuit, of either the frame or open type, is liable to be 
appreciably changed relative to the phase of the E.M.F. by a 
slight change in either the tune of the circuit or the frequency 
of the incident wave. In directional reception on commercial 
stations it is more important than in direction finding to main- 
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tain a perfect zefo signal at the cardioid minimum, for the 
purpose of eliminating jamming stations which may vary 
in frequency ; a method of achieving this being by the use of a 
frame which is untuned at the cardioid minimum, and hence 
almost aperiodic, but which has a considerable element of 
tuning at any other part of the diagram where signals are 
audible. 

The simple aperiodic frame circuit is shown in Fig. 82, 
in which the aerial and the circuit containing the tuning con- 
denser C are tightly coupled together by means of the trans- 
former ML: Ls. Now, itis well known in ordinary alternating 
current working that the capacities and inductances on either 
side of a transformer are 
mutually interchangeable. 
In fact, in the case of a per- 
fect transformer, witha 1:1 
ratio, the circuit behaves 
just as though the trans- | 
former were not in existence 
and, with any transformer 
circuit, provided that we 
allow for the ratio of trans- 
formation, we can consider 
the whole circuit from either 
the primary or secondary 
side. 

The same reasoning holds 
good in the case of the 
aperiodic frame. The in- 
cident wave induces an 
E.M.F. in the frame L. and the complete circuit consists of 
La, the high frequency transformer L; Ls and the condenser 
C; consequently there will be some value of C which will 
bring the whole circuit into resonance with the E.M.F. induced 
sah Ee 

The natural wave length of the circuit, neglecting the effect 
of resistance is given by : 


iho ‘8 [Ls (La + Ls) — M?] 
oe ue \/ (leg cer 


where ) is the wave length in metres, L and M are in micro- 
_ henries and C in microfarads. 

Receiving Qualities of Aperiodic Frame. The state- 
ment made above that allowing for the ratio of transforma- 
_ tion, the circuit of Fig. 82 behaves as though the transformer 
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Fig. 82.—Simple Aperiodic Frame 
Aerial Circuit. 
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were non-existent is only true when the leakage field is very 
small. When a current is flowing in L: a magnetic flux is 
produced in the winding, and we have ensured, by making the 
transformer very tightly coupled, that as many lines of the 
field -as possible shall also be linked with Ls. Those lines 
which fail to pass through Ls, but do pass through Le, give 
the transformer what is called leakage inductance. This 
leakage inductance causes the condenser C to have less tuning 
effect than it would have, were the transformer not there, 
and for this reason and also because the damping of the circuit 
is increased by the resistance of the windings, the receiving 
power of such an aperiodic 
frame circuit is considerably 
less than that of a_ tuned 
frame. 

It was seen on page 57 that 
the amount of distortion | 
caused by vertical is depend- 
ent upon the receiving power 
of the aerial, becoming greater 
as the receiving power is 
reduced. The result is that 

a vertical assumes much more 

alarming proportions in the 
C2 aperiodic than the tuned 
frame, and it becomes essen- 
tial to employ either a 
shielded transformer or an 
earthed mid-point of the 
aerial coupling coil, or 
both. 

Aperiodic: Frame with Loose Coupled Intermediate 
Circuit. A modification of the above circuit is shown in Fig. 
83, where a coil P is inserted in series with L, and an adjust- 
able condenser Cx. P is loosely coupled to a jigger secondary 
J which is tuned by Cz, the frame being tuned by C:. This 
“ircuit is much more selective than that of Fig. 82, and the 
presence of a loosely coupled secondary circuit renders the use 
of a shielded transformer unnecessary, the earthed mid-point 
of the frame coupling coil being sufficient to correct the small 
amount of vertical present. It is essential, however, that the 
condenser Cz be adjusted to bring the aerial circuit into close 
tune with the wave to be received as any mistuning will reduce 
the receiving power of the loop and so tend to accentuate the 
effects of vertical. 


Fig. 83.—Aperiodic Frame with Loose 
Coupled Intermediate Circuit. 
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Heart-Shape Circuit with Resistance Phased Open 
Aerial, Aperiodic Frame and Loose Coupled Intermediate 
Circuit. In Fig. 84, both the open aerial and the frame 
are aperiodic, being a modification of Fig. 60, which illustrated 
the similar circuit for tuned frame and open aerial. Consider 
now the behaviour of the system under the influence of an 
incoming wave, assuming at the same time that the correct 
values for the open aerial phasing resistance and the various 
couplings have been found to give a heart-shape balance and 
also that the rotating frame—or search coil of the radio- 
goniometer in the B-T system—has been turned to such a 


Fig. 84.—Heart-Shape Circuit with Resistance Phased Open Aerial, 


Aperiodic Frame and Loose Coupled Intermediate Circuit. 


position that no signals are being received. In this position, 
there will be no current in the coil J and consequently no 
current in the intermediate circuit ; it is therefore permissible 
in the circumstances to ignore the intermediate circuit and 
to examine the phases of the currents in the open and loop 
aerials. 

_ As previously explained, the E.M.F. in the frame will lag 
go° on the flux in the wave, and since the impedance of the loop 
is almost wholly inductive, the current which flows will lag 
almost another 90° behind the E.M.F. Since there is a 
certain amount of resistance in the frame, the angle of lag will 
be less than go° and may be taken as, say, 87° as shown in 
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the vector diagram of Fig. 85. This will mean that the current 
Tt in the frame will lag (87° + 90°) = 177° on the flux in the 
wave, and hence, if the phase difference between this current 
and the current Iy in the open aerial is to be 180°, in order to 
get a cardioid balance, then I, must lag on its E.M.F. by 
(197%. 180%)“ "= 8% In other words, Iy must lead by 3°. 
\ reduction in the natural period of the circuit produces a 
leading current. and therefore the inductance L; is made 
rather smaller. than is required to bring the open aerial into 
resonance, the actual value being found by adjusting Land 
R until the balance is obtained. 

The above relation between the phases only holds good so 
long as there is no cutrent flowing in the intermediate circuit 
L. Lis. P= ‘lf ‘any. current is flowme am 
will react back to the aerials and displace 
the phases of the aerial currents. It will 
‘therefore now be understood why it was 
3° assumed that the frame or search coil was 

in such a position that no signals were 

being received; it was in order that the 

Ey phases of the currents in the aerials could 

be legitimately considered independently 

of the remainder of the circuit. This 

shift of phase due to the intermediate 

circuit current is of no practical import- 

Fig. 85.—Vector Dia~- ance since we are mainly concerned with 

gram for Aperiodic . . We : 

Heart-Shape Circuit. Setting a definite minimum and there is 

| no need to worry about the fact that the 

rest of the polar curve does not follow exactly the theo- 
retical cardioid diagram. 
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FALLACIES IN HEART-SHAPE CIRCUITS 


Four methods have been mentioned of obtaining the correct 
phase relation of aerial currents to give a heart-shape balance, 
namely : 

(x) Spaced open aerials with non-central summation. 
pee yS0n)a 2) Pe 

(2) Combination of open and frame aerials, each mis- 
phased 45°. (Page 67.) 

(3) Combination of open and frame aerials, one tuned 
and the other aperiodic. (Page 70.) 
(4) Combination of open. and frame aerials, both 
aperiodic. (Page 87.) 
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and of these, only the first gives a true balance under all con- 
ditions. The other three depend for their successful actiori on 
what are loosely termed “ leading ’’ and “ lagging ’’ currents, 
and although 3 and 4 are excellent circuits for sense deter- 
mination and give very fair balances, even on atmospherics, 
when used for directional reception, it is not difficult to show 
the fallacy underlying the principle of mis-phasing as a means 
of obtaining this type of polar diagram. For a balance on 
atmospherics and damped waves, 3 has the disadvantage that 
the open aerial has a far higher resistance than the frame and 
the oscillations due to an impulsive E.M.F. will be damped 
out more rapidly in the open aerial. 

_ When an alternating E.M.F. 1s applied to a circuit containing 
an excess of capacity reactance, several cycles elapse before 
the conditions in the circuit exhibit what is termed a leading 
current and these cycles are known as the starting conditions 
as distinct from the steady state. In describing this latter 
condition we are not justified in saying that because an 
oscillogram of the E.M.F. and current conditions in the circuit 
gives the appearance that the current is leading the E.M.F. 
by a quarter of a cycle, therefore the current at any instant 
is definitely associated with the E.M.F. which will exist an 
instant later. 

The same argument may be applied to the lagging current, 
for in this case also there is a starting condition during which 
the phase of the current and E.M.F. is in a transient state, and 
the current does not settle down to a definite amount of lag 
until a number of cycles have elapsed. : 

Applying the above reasoning to the case of the propagated 
electro-magnetic wave and an associated aerial and receiver, 
the fallacy becomes more clearly marked. When a continuous 
or slightly damped wave is incident on an aerial, the conditions 
in the alternating current circuits composing the receiver 
will have time to reach their steady state, and any circuit 
having inductive reactance will reach the condition of lagging 
current and capacity reactance circuits will appear to have 
leading currents. Suppose now, that a sudden pulse of current, 
such as that caused by a strong atmospheric, flows in an aerial 
circuit which has been tuned to give a leading current ; we are 
surely not now correct in saying that the current is being pro- 
duced by an E.M.F. pulse which is shortly going to be induced 
in the aerial by a flux which is still a considerable fraction of a 
wave length from the system ? 

The Artificial Line. To ensure that the phase relations 
of the aerial currents are correct for both starting and steady 
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conditions of the circuits, the best thing which can be done is 
to avoid all attempts to produce leading or lagging currents 
by misphasing, and to make use, instead, of currents which 
are either in phase with.the E.M.F.’s causing them or which 
have been made to lag a definite amount on their applied 
E.M.F.’s by transmitting them along a real or an artificial 
telegraph line, which transmission must always take a certain 
amount of time. Any such artificial line must have its elec- 
trical constants so related that all frequencies are transmitted 
with as nearly as possible equal attenuation and equal speed 
otherwise the system will only be balanced for a single 
wave length. | 

The non-central method of summation in Fig. 29, employs 
a real line, but it would be equally effective to arrange the 
receiver centrally, as in Fig. 26, and to insert an additional 


artificial line of length equivalent to ¢ nee in the real 


line between the receiver and the B aerial. 
With circuits of this character, a balance can be maintained 


for impulsive E.M.F.’s such as those caused by atmospherics — 


as well as for C.W. and spark transmissions. 
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CHAPTER 4 
ROTATING FRAME D.F. INSTALLATIONS 


The preceding chapter has dealt with the general principles 
of direction finding by means of the properties of the frame 
aerial, together with the various methods of avoiding inherent 
defects in frame reception, and also any special features of the 
circuits used in the more important D.F. systems. In the 
present chapter will be found brief accounts of the apparatus, 
and method of operating the rotating frame D.F. installations, 
manufactured by the following companies, etc. : 

Radio Communication Company, Ltd. London. 

Société Francaise Radio-Electrique. Paris. 

Gesellschaft fiir Drahtlose Telegraphie. (Telefunken.) 
Berlin. 

Siemens Brothers and Company, Ltd. London. 

Bureau of Standards. Washington. 

Marconi’s Wireless Telegraph Company, Ltd. London. 

Radio Corporation of New York. 

Federal Telegraph Company. Palo Alto, California. 


RADIO COMMUNICATION COMPANY D.F. SYSTEM 


The Robinson system has been adopted by this Company 
for their D.F. installations, but a number of changes have 
been made, arising out of practical experience with the system 
and method of working it in its original form as described 
on page 79. , | 

Circuit and Operation. In order to make the circuit 
more symmetrical, the large and small coils are connected 
in parallel instead of in series. The large coil, which in the 
series arrangement was the auxiliary coil, now becomes the 
main coil because the effect of this coil is greatly reduced by 
being shunted by the smaller inductance of the small coil. 


or 
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The circuit is shown in Fig. 86. Cr; is the frame tuning 
condenser and the smaller condensers C2 and C3, called equalis- 
ing condensers, are used for maintaining the electrical symmetry 
of the frames and avoiding the effects of vertical. The frame 
circuit is not directly connected to earth. The aerial circuit 
is coupled to the amplifier by a shielded transformer Tx 
which is tightly coupled and the coils, reversing switch 5x, 
tuning condensers and high frequency shielded transformer all 
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Fig. 86.—Modification of the Robinson Circuit as used by the 
Radio Communication Company. 


rotate together and are coupled electrically to the fixed part 
of the apparatus by a ‘‘condenser slip ring” Cy. This con- 
sists of two parallel discs on the same axis, one revolving 
with the coils, etc., and the other fixed and so arranged that 
the capacity between the plates does not vary as the coils are 
turned. The condenser slip ring avoids the use of ordinary 
Sip rings or flexible connections with limited rotation of the 
cous. 

The hand wheel is free to revolve on the spindle carrying 
the coils and drives them by means of a pillar, fixed to one of 
the spokes of the wheel, which engages with a gap in a circular 
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plate fixed just above it. The width of the gap is adjustable 

and normally there is a certain amount of backlash in the 
action of the wheel; this backlash being used to operate 
the reversing switch which thus becomes automatic. 

Taking Bearings. To take a bearing, the operator tunes 
in the required station and moves the hand wheel to and fro, 
thus moving the reversing switch. He notes the direction 
of movement of the wheel which gives the weaker sig- 
nal and continues moving it in that direction. He then 
stops and repeats the operation, each time moving the 
hand wheel towards the weaker signal until a balance is 
obtained. 4 

This procedure obviates the necessity for any preliminary 
operation such as taking an approximate bearing on one coil 
only, or using both coils in series, noting the two directions of 
zero signal strength and bisecting the angle between them. If 
the coils are set on the go° out of balance point when the 
operator starts using the D.F., he will get a balance at once, 
but he is warned not to place any reliance on bearings taken 
without rotating the coils. 

Correction for quadrantal error is applied from a calibration 
chart. 

Sense. A separate open aerial is used for sense deter- 
mination but no attempt is made to obtain a true cardioid 
diagram. The open aerial contains a tuning inductance L 
and a resistance R, across the latter there being connected 
one winding of a shielded transformer T,, the secondary of 
which is coupled to the rest of the circuit through a “‘ reversing 
condenser.’’ This condenser is of special construction and is 
shown conventionally in the diagram as two moving vanes 
and four fixed ones, the opposite pairs of the latter being 
connected together and to the terminals of the transformer 
secondary ; giving a variable and reversible coupling between 
the open aerial and the switch S,._ When this switch is in the 
D.F. position, as shown, the open aerial and the high potential 
side of the reversing condenser are earthed. 

The scale of the instrument is in duplicate, there being 
two sets of graduations, one above the other (Fig. 88) with 
their 0° points 180° apart. The two scales are associated 
with the adjustment of the reversing condenser and when the 
open aerial is coupled in one sense, in order to get a heart-shape 
balance, the pointer of the coupling indicates ‘‘ READ 
Top ScALE”’ and when in the other sense “‘ READ Bottom 
SCALE.” 

Apparatus. The general appearance of the apparatus is 
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well illustrated in the photographs of Fig. 87 and Fig. 88, which 
show a Radio Communication Company ship installation. 
The coils are three feet. square and are supported by a metal 


. 
| 


Fig. 87.—Radio Communication Company Ship D.F. 
Installation. 


frame mounted seven feet. above the deck, on a metal pillar. 
The pillar passes through to the cabin below, and the hand 
wheel is mounted 4 feet 8 inches above the deck again, so that 
the scales are at a convenient level for the eye, when standing. 
Attached to the lower part of the pillar, and just above the 


04 


S.F.R. D.F. SYSTEM 


scales, is seen the sense indicator unit and on the bulkhead to 
the right, the amplifier which comprises three high frequency 
stages, a detector and double note magnifier (340). 


D.F. SYSTEM OF THE SOCIETE FRANCAISE RADIO- 
ELECTRIQUE 


The circuits employed in the direction finding equipment 
of this Company have already been described on page 73. 


Fig. 88.—Radio Communication Company Ship D.F. Installation. (1) Hand 
Wheel. (2) Scales. (3) Sense Indicator Unit. (4) Amplifier. © 


S.F.R. Ship Installation. S.F.R. Shore Installation: 


Fig. 89 and Fig. go show two views of the Ship D.F. This set 
is equipped for the reception of damped waves or telephony 
over a range of 300 to 1,100 metres, and makes use of the circuit 
of Fig. 71 which allows of sense determination but not of a 
true cardioid diagram. 

The frame consists of a square solenoid, the length of each 
side being 0-7 metre, and having ro turns. The amplifier is 
aperiodic and has three high frequency valves, a detector and 
one stage of note frequency magnification. The high frequency 
intervalve transformers have cores of finely divided iron. In 
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Fig. 89.—S.F.R. Ship D.F. Installation. 


Fig. 90.—S/F-R. Ship, D.F: Installation. 
96 


the case of ships requiring ex- 
ceptionally long range, the 
reaction circuit of Fig. 74 or 
Fig. 75 is used. 

Fig. grt is a view of the 
Shore D.F. for use on aero- 
dromes. The frame is of the 
solenoid type and is square 
with a 2 metre side and eight 
turns. The circuit is shown 
in Fig. 92, where it will be 
seen that the cardioid dia- 
gram is obtained by the 
method already described in 
Fig. -72, whilst a switching 
arrangement is fitted where- 
by an additional high fre- 
quency valve may be in- 
cluded if necessary. This 
makes, in all, four stages 
of high frequency amplifi- 
cation, one rectifier and one - 
note frequency magnifier. 


Dh So LEM 


hoi ale a 


Fig. 91.—S.F.R. Aerodrome D.F. 
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D.F. SYSTEM OF MESSRS. SIEMENS BROS. AND 
COMPANY AND THE GESELLSCHAFT FUR 
DRAHTLOSE TELEGRAPHIE (TELEFUNKEN) 


Siemens’ and Telefunken Ship D.F. Installation 


Circuit. Reference has been made on page 77 to the frame 
connections used by the above Companies and the circuit 
used until recently in the Telefunken ship D.F. is shown in 


ggeetae. 
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Fig. 92.—Circuit of S.F.R. Aerodrome D.F. 


Fig. 93. Cx is the frame tuning condenser, one side of which 
is connected to the grid of the first valve, and at the electrical 
centre of the frame is the coupling coil L2. The mid-point 
of L. is taken through the heterodyne coupling coil L; to a 
potentiometer connection P across the filament batteries. 
One half of the frame is used for applying reaction, a connec- 
tion being made from the end of the frame winding to the 
movable vane of a three plate condenser C-, the fixed vanes 
of which are taken, respectively, to the plates of the first and 
second high frequency valves. The amplifier consists of six 
stages of high frequency amplification with a rejector circuit 
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Pe 


Fig. 93.—Circuit of Telefunken Ship D.F. 
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R. Low frequency magnification is also used if required. 
This circuit differs only in a few details from that used. at 
present in the Siemens’ Ship D.F. The Siemens circuit 
has no potentiometer P, the amplifier contains seven high 
frequency stages, a rectifier and two low frequency valves ; 
there is no rejector circuit in the amplifier and the valve fila- 
ments are all connected in parallel across the battery and not 
in sets of two in series. 

Sense Determination. Vertical is balanced out in this 
system by the open aerial coupling L, L. which is also used - 
for producing the heart-shaped diagram, or at any rate a suffi- 
cient degree of unilateral reception to indicate sense. It has 
been seen on page 68 that a reversed aerial coupling gives a 
reversed heart-shape and the relation between sense of the . 
coupling’ L, L.. andteae 
sense of the wireless bearing 
is arranged by means of a 
colour code in the following 
manner. 

Fig.-94 shows the handle 
H* and pointer Ptonsiue 
coupling L; Lz, the pointer 
being adjustable on> the 
S spindle so that it can be set 

Fig. 94.—Colour Code Method of Sense to : read Ae EU for any Ie€- 
Determination in the Telefunken quired position of. the 
System. movable coil. One half of 
the scale of this coupling 
is coloured pink and the other half blue to coincide with pink 
and blue arrows spaced 180° apart on the scale of the rotating 
frame. This is illustrated in Fig. 95, where the central disc, 
marked in degrees, is fixed, the outer rotating ring contains 
the pink and blue arrows for sense determination and the other 
two indices spaced 180° apart are for direction finding. One 
index is marked with a black dot, it being customary in this 
system to use one minimum of the figure eight only. The 
second minimum is usually indefinite and is ignored. 

Direction Finding. The method of taking bearings and 

finding the sense with this system is as follows : 


(rt) The frame is tuned and rotated to a minimum. 

(2) The open aerial is tuned accurately and coupled 
approximately 10° in either sense. 

(3) The coupling between frame and open aerial is 
adjusted to such a position that there is minimum signal 
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Fig. 95.—Hand Wheel of Telefunken Ship D.F. (1) Fixed Scale. (2) and 

(3) Pink and Blue Arrows. (4) Black Dot Index for D.F. (5) Line Index 

opposite Black Dot. (6) Tension Adjustment for Control Wires. (7) Control 
Wires to Frame. 
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Fig. 96.—Telefunken Weather Proof Rotating Frame for Ship | 
D.F. Installation. 
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strength in the telephones, and it is possible that the 
pointer P may not be at the zero mark on the scale, indi- 
cating that a small open aerial E.M.F. is required to balance 
out residual vertical. 

(4) The pointer P is set to read zero, for the position 
found, by moving it on its spindle relative to the coupling 
coil. 

(5) The frame is rotated through go”, so that the coloured 
arrows coincide with the bearings previously found when 
using the D.F. arrows. 

(6) The coupling handle H is now rotated alternately 
right and left by equal amounts, so that the pointer reads 
5° pink and then 5° blue; then 10° pink and Io° blue, 
and so on, note being taken of the colour corresponding 
to the weakening of the signal strength. The arrow of 
the same colour on the rotating frame scale then indicates 
the sense. 

(7) The switch in the open aerial circuit is opened, thus 

- disconnecting the condenser and detuning the aerial. 

(8) The bearing is again checked, using the D.F. index 

marked with a black dot. 


Since the frame circuit, acting as an open aerial, is untuned 
to the effects of vertical, arrangements are made for switching 
out the tuning condenser in the open aerial, so that when using 
this aerial to balance out the vertical, the phase relation will be 
more nearly correct. This switch is shown in Fig. 93. Since 
the black dot arrow is always used for direction finding, it 
follows that the coupling between open aerial and frame circuit, 
for the neutralisation of vertical, will always be one colour for 
bearings to port and the other colour for bearings to starboard. 

These operations can be carried out in a few seconds with a 
certain amount of practice. Ifthe sense be known, the operation 
of direction finding is of course much simplified. The bearing 
can be determined before the sense if preferred. 

It is claimed for this system that continuous, interrupted 
continuous and damped waves can all be used with equal 
efficiency and that the presence of night effect can always be 
detected owing to the abnormally large coupling required be- 
tween the open aerial and frame in order to give a true figure 
eight diagram of reception under these conditions. 

The Rotating Frame. The frame used in the Tele- 
funken ship installation may be either of two designs. The 
first in the conventional form of skeleton framework, support- 
ing an octagonal multi-turn winding of about three feet 


103 


WIRELESS DIRECTION FINDING 


diameter, and fixed so that the lowest point is about three feet 
above the deck. Flexible connections are used between the 
rotating and fixed parts and stops are fitted to limit the rotary 


Fig. 97.—Hand Wheel, Control and Weather Proof Frame of Siemens’ 
Ship D-F, 


movement of the frame to about 400°. The frame is remotely 
controlled by means of a hand wheel fixed near the receiver, 
the form of which has been seen in Fig. 95.. A steel wire drive 
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Fig. 99.—Telefunken Ship D.F. Installation of more recent design than 
in Fig. 98. 
106 : 
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is used and all trace of backlash is avoided by a spring tension 
device. A weatherproof casing is fitted over the frame 
and owing to the fact that in some ships this obscures the 


Fig. 100.—Siemens’ D.F. Receiver. 


view, a special weatherproof frame has been developed as shown 
in Fig. 96, in which the frame is approximately the same size 
as before but is now enclosed in a metal tube. 

The Siemens’ frame and control, which are similar in prin- 
ciple and differ only in details of design, are shown in Fig. 97. 
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Open Aerial. The open aerial used is about 25 feet long 
and situated at least 10 feet from the frame. 

Receiver. The Telefunken installation in the S.S. Studt- 
gart is seen in Fig. 98, the drive being fixed on the left of the 
table with control wires taken over pulleys and up to the frame. 
Mounted on the bulkhead are the receiver and part of the high 
frequency amplifier and immediately in front of them, on the 
table, is the heterodyne. To the right of the table is the 
remainder of the high frequency amplifier. Between the drive 
wires is an automatic protecting relay which operates during 


Fig. 101.—Circuit of the Telefunken Portable D.F. 


transmission on the main aerial. A signalling lamp is also 
fitted on the bulkhead which glows when the main aerial is 
insulated and everything is in order for D.F. bearings to be 
taken. . 

Fig. 99 shows a later design of the Telefunken Ship D.F. 
in which the hand wkeel is mounted on the same spindle as 
the frame. The receiving circuit also differs from that of 
Fig. 93 in that there is no separate heterodyne for C.W. 
reception, the detector valve being used as an oscillator. 

The Siemens’ receiver and amplifier is shown in Fig. roo. 
The upper controls include the Reaction Condenser, Frame 
Tuning Condenser, Coupling Coil, Sense-D.F. Switch, Open 
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Aerial Tuning Condenser and Oscillator Tuning Condenser. 
The lower controls are valve filament rheostats. “ Bright 
emitter ’’ valves are used (374). 


Wave Range. The wave length range of both the Siemens’ 
and Telefunken ship installations is normally 450 to 1,200 
metres. 


Telefunken Portable D.F. 


The circuit of the portable direction finder is given in Fig. ror, 
“and reference has already 
been made to it on page 
Vom tlic. appearance. ol 
the complete instrument 
ieesecrmoun. Pio.. 7027), The 
receiver and amplifier are 
mounted inside the frame, 
and immediately above the 
receiver is the small open, 
aerial consisting of three 
metal tubes. The adjust- 
ments on the face of the 
receiver are for reaction, 
frame tuning and_hetero- 
dyne tuning. On the left 
side of the receiver is the 
coupling coil of the hetero- 
dyne, the position of which, 
relative to the frame, can 
be varied so as to get the 
best results. On the right 
hand side of the receiver is 
the adjustment for the three 
plate condenser connected Fig. 102.—Telefunken Portable D.F. 
to the open aerial. 


The wave range of the instrument is 400 to 7,200 metres and 
four different frames are required to cover this range. The 
frame, receiver and open aerial are all removable, one from the 
other, without difficulty. 


A switching arrangement is fitted to the amplifier whereby 
the values of the chokes in the H.F. valves circuits can be 
changed for wave lengths above 2,000 metres. 
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D:F. SYSTEMS OF THE BUREAU OF 
STANDARDS 


A series of rotating frame direction finders have been 
developed by the Bureau of Standards, Washington, for various 


VEE 


Fig. 103..—U.S. Coast Guard Control Boat fitted with 
Bureau of Standards Unicontrol 143 Metre D.F. 


special duties and have been described in the Scientific Papers 
published by the Bureau. | 


Bureau of Standards Unicontrol High-Frequency D.F. 


This instrument was made for use by the U.S. Coast Guard. . 
patrol boats, and its particular feature is the extreme simplicity 
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of the adjustments. The wave length used by these boats 
is 143 metres (telegraphy and telephony) and the receivers 
are normally adjusted to this wave and then sealed, so that no 
tuning is done by the operator. In adding a D.F. to the 
equipment, it was decided to employ the same receiver which 
was used for ordinary radio work, and also to eliminate the 
necessity for balancing and tuning the D.F., so that the only 


SHIPS 
f! 4] 
ANT. eer = 
Dele! =-——— 
NY i c- 
i} | 
' | 
i] 
BALANCING | 
} CONDENSER] 
: 7 
t { 
: | 
l 
( 
| 
t 
1 
NT. 
RTE ROM ON Comet ea ee a fe ee 


IRST 
DETECTOR 


Fig. 104.—Circuit of Bureau of Standards Unicontrol 143 Metre D.F. 


operation was that of rotating the frame aerial and observing 
the point of minimum signal strength. Fig. 103 shows one of 
the boats with the D.F. fitted. 

Automatic Balancer. As seen from the circuit diagram 
in Fig. 104, the type of balancing condenser used is that already 
mentioned on page 57. When a rotating frame is used in a 
position such as the bridge of a ship, the capacity between the 
loop and the various surrounding metal-work is continually 
changing as the frame is rotated, and this would entail constant 
adjustment of the balancing condenser in order to maintain 
sharp minima. In this design, it will be noticed that there is a 
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rack and pinion arrangement whereby the moving vanes of the 
balancing condenser are controlled by a cam on the spindle of 
the rotating frame. This cam is shown in Fig. 105. 
Calibration of the set is done with the aid of a second 
boat, fitted with transmitting apparatus, which cruises round 
at a distance of a quarter of a mile or so whilst simultaneous 
optical and wireless bearings are taken. During this time the 
balancing condenser is operated by hand, careful note being 
taken of the settings for all orientations of the frame. ie 
rocker bar which carries the rack is then engaged with the cam 
and the latter is adjusted by means of the twenty-four slotted 
sections until the readings of the balancing condenser, as found 
during calibration, 
have been duplicated. 
Circuit. With re- 
gard-to =the prestaiaas 
the circuit, the frame 
contains the primary 
coil R of a coupling | 
transformer and a 
_variable condenser M 
across which is the 
three plate balancing 
condenser. The lower 


Fig. 105.—Cami for Controlling Balancing portion of the circult 
Condenser of Bureau of Standards D.F. is the non-directional 
receiver, and a switch 
on the left’is provided to connect this either to the D.F. or 
the open aerial. When on D.F., the secondary coil.D of the 
transformer and the coil P, of a second transformer in the re- 
ceiver, are in series and are tuned by the condenser N. When 
the receiver is working on the open aerial, the input coupling 
coil circuit is untuned. All the various. adjustments are 
locked after calibration and tuning, so that the only hand ~ 
controls remaining are the moving coil and D.F. switch, ‘ 
Constructional Details. The aerial coil is 20 inches 
square and has four turns of rubber covered ignition wire. 
The spindle carrying the frame is of 13 inch brass tube running 
on ball bearings and the leads from the frame are brought to 
slip rings at the lower end (336). 


Bureau of Standards Portable D.F. 


A portable direction finder with a wave length range of 39 
to 3,330 metres, and having only two adjustments, namely for 
tuning and balancing, is shown in Fig. 106: The D.F. includes 
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Fig. 106.—Bureau of Standards Portable D.F. 
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a super-heterodyne amplifier and the means for reducing 
the number of controls to such a small number are very 
ingenious (365). 

Circuit. A pictorial diagram of the circuit is given in Fig. 
107. The frame J is tuned by the condenser A, one of the leads 
to which includes a winding of a transformer I which couples 
the frame to the heterodyne. The moving plates of the main 
tuning condenser B, of the heterodyne are on the same spindle 
as those of the frame tuning condenser, and this spindle also 
carries a cam (No. 1) which controls a heterodyne compensating 
condenser C. The function of this latter condenser, which is 
in parallel with B, is to maintain a constant beat frequency 
with the incoming wave, over the whole tuning range. This 
frequency corresponds to the 4,500 metre wave length of the 
super-heterodyne amplifier, the first valve of which is shown. 

The wave range of 39 to 3,330 metres is obtained by the 
use of seven sets of frames, heterodyne coupling coils, heterodyne 
tuning coils, cams and scales for the unicontrol tuning scheme. 
The scales are calibrated in kilo-cycles and enable the D.F. 
to be tuned: rapidly. One of the scales, marked K, is seen in 
front of the receiver in Fig. 108. 

The three plate balancing condenser F,* the moving vane 
of which is connected to the open aerial, controls by means 
of a second cam (No. 2) a condenser E which is in parallel 
with the frame tuning condenser C and compensates for the © 
detuning effect of the balancing condenser. It was found 
that on low wave lengths it was necessary, without this com- 
pensating condenser, to retune after balancing. 3 

It will be noticed that the centre point of the frame and 
also the filament. battery are connected to earth and that the 
grid and filament of the H.F. amplifier are thus only connected 
across half of the frame, the other terminal of the frame being 
taken to the balancing condenser. This type of frame connec- 
tion has been described on page 74 together with reasons, 
given by the Bureau of Standards, for adopting it in the 
present case. 

Constructional Details.—Of the seven frames, the 
largest, which covers a wave range of 3,330 to 1,764 metres, 
is 24% inches square, has 60 turns of No. 22 A.W.G. single 
silk and enamelled wire, wound in four layers with ith inch 
spacing between turns. The earth connection is made 27 
turns from the grid end. The smallest frame has a range of 
60 to 39 metres, is 124 inches square and has two turns of 


* These index letters should not be confused with the letters A,B, Cretc., 
on the apparatus, indicating wave length ranges. 
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No. 20 A.W.G., double cotton covered wire, spaced 14 inches 
and tapped at the centre. The frames have four connections, 
namely the two ends of the winding, the centre tap and the 


Fig. 108.—Bureau of Standards Portable D.F. Receiver. (H) Slip 
Rings for Frame Connections. (L) C.W.—I.C.W. Switch. (Kx) Inter- 
changeable Tuning Scale. (For other items refer to Fig. 107.) 


open aerial which consists in each case of a small brass tube 
with a telescopic extension as shown in Fig. 106. 

When the D.F. is about to be used, a magnetic compass 
can be fitted into the socket which normally holds the frame 
spindle and the instrument correctly orientated. ; 

Fig. 108 gives a general interior view of the instrument and 
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shows the slip ring collectors H for the frame and also the two 
sets of cams and heterodyne coupling coils. The front section 
of the receiver, carrying the condensers and cam gear is better 
shown in Fig. 109. 


Fig. ro9.—Bureau of Standards Portable D.F. Receiver. (M) Plug Connections 
to Amplifier, etc. “(For other tems refer to Fig. 107.) 


D.F. OF FEDERAL TELEGRAPH COMPANY OF 
PALO ALTO, CALIFORNIA 


The Kolster Radio Compass. A general view of the 
Kolster Radio Compass, made by the above Company, is shown ~ 
in Fig 110 and the frame, which is mounted on the same ver- 
tical spindle as the control wheel H is illustrated in Fig. 112. 
Fig. 111 is accloser view of the lower end of the vertical spindle 
and shows the sighting wires W W and the scale of the instru- 
ment. This scale may be either a simple fixed degree scale, 
a gyro-compass repeater dial, a magnetic compass or a “‘ dumb 
compass ’’ which can be set by reference to the ship’s compass 
each time it is required to take a wireless bearing. 

A feature of the apparatus is the Automatic Compensator 
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C of Fig. 111, which is a mechanical device enabling full allow- 
ance to be made for the quadrantal error (see page 329) of the 
installation which is ascertained when the set is calibrated. 
Corrected relative or true bearings can therefore be read direct. 


Fig. 110.—Federal Telegraph Company Ship D.F. Instal- 
lation. (H) Hand Wheel. (C).Automatic Compensator. 


from the degree scale or the scale of the gyro-compass repeater 
dial, as the case may be. 

The circuit is shown in Fig. 113, from which it will be seen 
that a three plate balancing condenser C. is used to reduce 
vertical effect and unilateral reception is obtained by con- | 
necting an open aerial to one side of the frame tuning | 
condenser C; by means of the switch Sx. 
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The amplifier comprises three high frequency stages with 
potentiometer control of the grid bias, a rectifier and two 
stages of note magnification. A voltmeter is fitted to check 
the valve filament supply voltage. 


Fig. 111.—Federal Telegraph Company Ship D.F. (H) Hand Wheel. 
(C) Automatic Compensator. (WW) Cross Wires. 


Since this D.F. is primarily intended to be used in the Chart 
Room of the vessel in which it is installed, signalling lamps 
are fitted to ensure that the ship’s wireless transmitter or 
receiver and the D.F. are not operated at the same time. The 
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lamp Pz, is fitted in the Wireless Room and P; alongside the 
D.F., and both are illuminated when the D.F. receiver filament 
switch is closed, provided that the switch S,. is already made, 
the latter being linked with the main aerial switch. The D.F. 


Fig. 112.—Federal Telegraph Company Ship D.F. 
Weather Proof Frame. 


observer is thus able to tell, if P: lights up, that the main aerial 
is disconnected and that bearings may be taken, whilst, on 
conclusion of the work and on shutting down the D.F., Pz is 
also extinguished and indicates to the operator that he may 
use the main aerial again. Two further lamps, P; and Py, 
serve to illuminate the D.F. Scale. | 
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Fig. 113.—Circuit of Federal Telegraph Company Ship D.F., 
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D.F. OF THE RADIO CORPORATION OF AMERICA 


Fig. 114 shows the D.F. instrument made by the above 
Corporation and Fig. 115 is the circuit. The push-pull system 


Fig. 114..—Radio Corporation of America Ship D.F. Installation 
(H) Hand Wheel. (C) Automatic Compensator. (G) Plate Glass 
with Parallax Lines. (M) Magnifying Glass. 


of valves is used to avoid grid-filament unbalance, this method 
of eliminating vertical effect having already been mentioned 
on page 58. The mid point of the frame is connected to earth 
through a condenser which is large enough to maintain this 
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point at earth potential for high frequency currents and so 
reduce vertical. All parts of the receiver, including the 
batteries are metallically screened. 

An eight valve super-heterodyne amplifier is used, the first 
rectifier V: being included in the circuit of Fig. 115. The 
wave length range is 550 to 1,050 metres. 
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Fig. 115.—Circuit of Radio Corporation of America Ship D.F. 


The indefinite minima caused by E.M.F.’s induced in the 
loop from metal masts, stays, etc. (page 342), are balanced out 
by a system of coupling coils included in the legs of the frame 
and in the circuit of an open aerial A. The relative degree of 
coupling to the two legs being controlled by a shunt inductance 
L; in parallel with L,, one of the coupling coils. This open 
aerial is purposely not tuned to the incoming wave since the 
currents in the metal work near the frame will also usually 
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be out of phase with their E.M.F.’s and a better balance will 
be obtained. 

An automatic compensator C in Fig. 114 is used, which may 
be adjusted to correct quadrantal errors (page 329), up to plus 
or minus 20°. 

A dumb compass card is used as a scale in the standard 


Fig. 116.—Weather Proof Frame of Radio Corporation 
of America Ship D-F. 


apparatus and arranged either so that bearings may be read 
from the direction of the ship’s head or the card may be ad- 
justed to the ship’s course at the time the bearings is taken. 
Readings of the instrument are taken by observing the card 
through a piece of plate glass, the upper and lower surfaces 
having lines engraved on them. A magnifying glass M is 
fitted for use if required. 

The hand wheel H is fixed in a vertical plane and geared 
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to the main vertical shaft through a two to one gear ratio. 
The advantages claimed for this are that firstly it simplifies 
the handling of the frame in a gale of wind and secondly there 
is less difficulty in keeping the loop steady when taking bear- 
ings with the ship rolling and pitching badly. 

Unilateral reception for sense indication is obtained by the 
open aerial A, together with an additional inductance Ls 


INSULATING INSULATING 
SPREADER SPREADER 


HEMP 


SELVES 


receiver \/ 


Fig. 117.—Section of Ship’s Life Boat showing arrangement of 
Marconi Lifeboat D.F. 


and resistance R. The direction of maximum signal strength 
is adopted as the true direction of the signals. 

Fig. 116 shows the weather proof frame which measures 
four feet diagonally and which is mounted about 7 feet 6 
inches above the deck. 


MARCONI LIFEBOAT D.F. 


A rotating frame direction finder has been developed by 
the Marconi Company for use in ship’s lifeboats, in conjunction 
with a Quenched Spark transmitter and valve receiver. One 
arrangement of the installation is seen in Fig. I17, where 
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the transmitter and receiver are housed in a weatherproof 
container which is fitted between two thwarts of the boat. 
The transmitting aerial, which is also used for non-directional 
reception and as the open aerial for heart-shape reception on 
the D.F., is rigged between two detachable masts. | 

Fig. 118 is a photograph of the container and shows the 
receiver on the right, the transmitter behind it and the engine 
and alternator below. 
The frame aerial, when 
not in use, stows away 
in the container which is 
closed by the two fold- 
ing doors. Fig. 119 shows 
an alternative lay-out of 
the apparatus in which 
it has been mounted in 
the bows of the boat. 

It being assumed that 
ship’s lifeboat D.F. work 
will always be carried 
out during an emergency, 
and possibly not by one 
of the ship’s wireless 
operators, extreme ac- 
curacy has been  sacri- 
ficed in this D.F, in order 
to make the operation as 
simple as possible. The 
circuit. employed is that 
described on page 70 
and illustrated in Fig. 


63. -. There: is no pies 


Fig. 118.—Marconi Lifeboat W.T. Installation yjsion for figure eight Tes 


with D.F. (1) D.F. Receiver and Amplifier. ception, the heart-shaped 
(2) Petrol Engine and Alternator for Trans- diagram bein g used 


mitter. (3) Quenched Spark Transmitter. throughout, and in order 


Riese _ that there shall be no 
misconception as to the precision of the direction finder, the 
scale is marked with the points of the compass instead of 
the conventional 0° to 360°. The scale is movable and can be 
set to coincide with the direction of the boat’s head by com- 
pass, so as to read magnetic bearings. 

Receiver and Amplifier. A six valve amplifier is used, 
having four high frequency stages, a detector and a note magni- 
fier and there is also provision for crystal reception for 
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emergency use, or for direction finding when the ship is within 
ten miles or so. When ordinary non-directional reception 
is being carried out, the main aerial, which has been rendered 
aperiodic for heart-shape reception, is tuned and the first 
three high frequency valves are cut out of circuit in order to 
economise battery power. This change-over is performed by 
a seven pole, two way switch, the functions of the blades 
being as set out below and illustrated in the full circuit diagram 
of Fig. 120. 


Fig. 119.—Alternative Lay-out of Marconi Lifeboat D.F. 


Contact (1) transfers receiver circuit from first to 
fourth valve. 


Contact (2) disconnects grid grid coil from fourth grid. 


Contact (3) disconnects filament current supply to first 
three valves. | 


Contacts (4) and (5) transfer tuning condenser from 
frame to open aerial. 


Contact (6) inserts tuning inductance in open aerial 
and cuts out phasing resistance. 


Contact (7) inserts filament resistance R: to compensate 
for valves cut out. 
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Fig. 120.—Circuit of Marconi Lifeboat D.F. 
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The three contacts of the ‘“ valve-crystal”’ reception switch 
change over the receiver circuit from valve to crystal, transfer 
the telephones and switch out the valves. 

The optimum wave length of the amplifier is 600 metres and 
the D.F. is intended to be worked only in the neighbourhood 
of this wave length. 
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CHAPTER 5 
THE BELLINI-TOSI SYSTEM 


As already mentioned in the Introduction, this system was 
introduced in 1907 and has been applied both to transmission 
and reception. Of later years it has become more popular for 
directive reception, since it has the advantages of long range due 
to the use of large aerials and at the same time retains the 
mobility of the small frame, enabling bearings to be taken very 
quickly. 

The method consists in employing two loop aerials, fixed 
at right angles, and connected respectively to two small multi- 
turn coils also at right angles to one another. A third coil is 
arranged to rotate in these two latter coils and is for the purpose 
of determining the direction of the magnetic field in the small 
coil system. An idea of the positions and appearance of the 
coils in the instrument—-called a radiogoniometer—can be 
gathered from Fig. 121. Two frame aerials are shown sup- 
ported in a vertical plane and arranged so as to be exactly 
at right angles to one another and symmetrical about a common 
vertical axis. The two aerials are connected to the two field 
coils in the radiogoniometer and are tuned by means of variable 
condensers, which are inserted at the mid-points of the field 
coils, these latter being wound in two halves for this purpose, 
as previously mentioned (page 53). The rotatable search coil 
is connected through suitable tuning arrangements to the 
detecting circuits. 

Consider what is the effect of a wireless signal incident 
on this system. Suppose, first of all, that the signal is arriving 
in the plane of the A frame; in this case no E.M.F. will be 
induced in the B aerial because it is at right angles to the 
direction in which the waves are travelling (see page 27), 
whereas the aerial A will be in its position of maximum 
receiving power and will have an E.M.F. induced in it. The 
resulting current will produce a magnetic field along the 
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cylindrical axis of the ‘‘a”’ field coil. 
the case of a signal which is incident 


B aerial, a magnetic field will 
be produced along the axis of 
the “ b”’ field coil. 

If, however, the direction from 
which the wave is arriving lies 
somewhere between the planes 
of the two aerials, both aerials 
will have E.M.F.’s induced in 
them, there will be currents in 


both field coils, and in the neigh- | 


bourhood of the search coil 
there will now be two magnetic 
fields at right angles to each 
other, the relative strengths of 
which will depend upon which 
aerial most closely coincides in 
direction with that of the in- 
cident wave. It can, in fact be, 
shown that the two magnetic 
fields produce a resultant field 
which bears exactly the same 
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On the other hand, in 
exactly in the plane of the 
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Fig. 121.—Radiogoniometer and 


Bellini-Tosi Aerials, 


space relationship to the axes of the field coils as the direction 
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Pig. 122.—Action of Radiogoniometer. 
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- aerial, 


of the received signal does 
to the planes of the frame 
aerials. 

Let Fig. 122 represent 
a plan view of the frame 
aerials A A’ and BB’ and 
the field coils a and 6 of 
the radiogoniometer, and 
let the arrow indicate the 
direction of the incident 
wave, making an angle @ 
with the frame A A’. 

Now if I wa be the 
current in the aerial A A’, 
and hence in the field 
coil a, when the direc- 
tion of the wave is in 
the plane of the A A’ 
then the current 
under the condition 
shown, will be: 
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Li See cOSi0 
and similarly the current in the coil 6 will be : 
Ty = Imax cos (90° — 8) 
= Tmax Sin 0 


Since the two field coils are at right angles, the magnitude 
of the resultant flux may be found by a simple rectangular 
parallelogram. of forces. In Fig. 123, O A is drawn, propor- 
tional in direction and magnitude to the flux in the a field 
coil and similarly O B represents the flux in the 0 coil, the 
resultant being proportional to O R, making an angle » with OR 

But: 


Tmax SIN. O 
| Lar COS OU 
therefore @ = @ or the angle of incidence of the wave relative 
to the A A’ aerial is equal to the angle of the resultant flux 
relative to the a field coil. 
Further, since the angle AOB is a right angle : 
OR? = OA?’ OF? 
or the resultant flux is proportional to” 
4/1? max (cos? 6 + sin? 9) 


= Max 


tang = = tan 0 


so that the maximum of the signal strength is dependent solely 
R A on the intensity of the, incoming 


wave and does not vary with the 
angle of incidence. 

The problem remaining, then, 1s 
simply to determine the exact direc- 
Imax °8NE6 tion of this resulting field and this is 
done by means of the rotating search 
coil. The E.M.F. induced in the 
winding of the search coil is propor- 
tional to its linkage with the mag- 

Tmax sine 0 netic field and consequently as the 

a Wee search coil is rotated inside the field 

Fig, 123."—Theoty ©! coils there will bea maximum E.M.F. 

z when the cylindrical axis of the coil 

lies along the direction of the resultant field and zero E.M.F. 

when its axis is at right angles to the field. As the search coil 

is rotated, therefore, the telephone receivers are, found to 

indicate alternate maximum and minimum signals go° apart 
just as was observed in the case of the rotating frame aerial. 

A pointer is attached to the spindle of the coil and a scale 
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is fixed to the frame of the instrument so that the direction 
of the resultant field, and hence of the incident wave, may be 


read off. In the case of 
a land station the aerials 
are generally laid out 
North-South and East- 
West, so that the bearing 
of any transmitting 
station can at once be 
found. 

The theory of radio- 
goniometer in its appli- 
cation to the B-T system 
isededlt) with, by. L..H, 
Walter (48), J. J. Bennett 
(195) and in many articles 
and papers by Bellini and 
Tosi, which will be found 
in the Bibliography. 

The Electrostatic 
Radiogoniometer. In 


to A Loop 


TO RECEIVING 
CIRCUIT 


Fig. 124.—Principle of Electrostatic 
. Radiogoniometer (Electrician). 


addition to the inductive or magnetic form of radiogoniometer 
already described, there is also a form of capacity radiogonio- 


Fig. 125.—Electrostatic Radiogoniometer 


with Quadrantal Plates (Electrician). 
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meter in which the field coils 
and search coil are replaced 
by the fixed and movable 
vanes of a special form of 
electrometer. 

Fig. 124 shows the gene- 
ral principle of the instru- 
ment in which A Ax is one 
pair of fixed platesand BB; 
the other pair connected re- 
spectively to the two B-T 
loops. C Cx are the two 
moving plates which are in- 
sulated from one another 
and rotate about the axis O. 
The detector is connected 
across these moving plates 
which are made in a special 
shape so that the instru- 
ment shall have the neces- 
sary cosine law enabling it 
to be used in the same way 
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as the inductive radiogoniometer. The arrangement of the 
plates may take several forms, two of which are shown in Fig. 
125 and Fig. 126. In the former, each fixed vane is seen to bea 
quadrant of a circle, whilst in Fig. 126 each plate is approxi- 
mately a semicircle, so that it becomes necessary to arrange 
the two sets of fixed plates in different planes, with the moving 
plates between them, as shown on the left. | 

As in the inductive radiogoniometer, it is important to 
maintain a constant overall coupling between the moving 
and fixed systems, and the chief virtue of the arrangement of 
Fig. 126 is that, provided the tuning condenser connected 
across the moving vanes has a certain minimum capacity, 
the loops can be tuned merely by added inductance as shown 
and the instrument works satisfactorily. 


Fig. 126.—Electrostatic Radiogoniometer with Semi-circular 
Plates (Electrician). 


If the quadrant plates be used as in Fig. 125, then it 
is found that the capacity between the fixed and moving 
systems is subject to variations which prevent the proper 
working of the instrument unless condensers of a certain 
minimum capacity are connected across the pairs of fixed 
plates in addition to the moving plates. 

The Compagnie Générale de Télégraphie, of Paris, have con- 
structed radiogoniometers which employed the circuit of Fig. 
125 and had a range of wave length of 200 to 2,000 metres, 
but they have never come into common use as direction finders. 

Details of the theory of the electrostatic radiogoniometer, 
and also the various forms which the instrument may take, 
are given in an article by E. Bellini (140), from which the above 
abstract has been taken. 
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Cathode Ray Direct Reading Radiogoniometer. A 
very ingenious form of radiogoniometer has been developed 
by 4X. A. Watson Watt and J. F. Herd (Radio Research 
Board), (330), in which the direction of the incident signal is 
indicated by a radial line of light on the fluorescent screen 
of a cathode ray oscillograph. The general arrangment of 
the direction finder is shown in Fig. 127 in which two multi- 
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Fig. 127.—Cathode Ray Direct Reading Radiogoniometer (Jour. I.E.E.). 


turn B-I loops are connected respectively to the two sets 
of deflecting plates, A A and B B, of the oscillograph. 

From what has been said regarding the action of the 
inductive radiogoniometer, it is not difficult to see that, in this 
case, when the plates are equal in size and symmetrically dis- 
posed with reference to the undisturbed path of the ray R 
down the axis of the tube, the electric forces between the N-S 
and E-W plates will be proportional to the E.M.F.’s in their 
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respective loops. The movement of the spot of light on the 
screen S$ will, thus, be proportional, in direction and amplitude, 
to the direction and field strength of the incident wave ; an 
accuracy of within 1° being claimed. 

The advantages of the device are that there is no inertia 
of moving parts and that it is direct reading. Owing to the 
persistence of vision, a wave train which last only 1/1oooth 
of a second will give a deflection, the direction and amplitude 
of which can be noted, so that atmospheric disturbances can 
be recorded in this way. 

In its experimental form, the five turn loops required for 


the successful working of the apparatus, were very large, being ~ 


1,200 feet in horizontal length and some 150 feet high, the total 
area turns being 20 acres. The details of the apparatus and 
the possibilities of its future commercial applications will be 
found in the above mentioned paper. 

The Adcock B-T Aerial System. Adcock’s modification 
of the B-T loop aerials, for the purpose of eliminating night 
effect ‘errors, is described on page 273. 


CONDITIONS FOR, ACCURATE WORKING OF 
BELLINI-TOSI SYSTEM 


In order to obtain the ideal disposition of magnetic fields 
in the inductive radiogoniometer, as above described, it is 
necessary that a number of conditions be fulfilled : 

Condition 1. Phase Relation of Aerial Currents, 
Balancing, etc. The currents in the aerials are, of course, . 
alternating and it is necessary that they should be exactly 
in phase. If this is not the case a rotating magnetic field is 
produced which is superimposed on the normal stationary field, 
giving impure minima. It has been seen that only when a 
circuit is precisely in tune, that is, when the inductive and 
capacity reactances are equal, does the current fall exactly in ~ 
step with the E.M.F. It was also noted on page 69 that 
a very small change of tune may cause a large change in the 
phase of the current, so that unless the loops are very accurately 
tuned to the same wave length condition No. 1 will not be 
satisfied. 

This accurate tuning of the two aerials is known as balanc- 
ing. In practice the operation is performed by means of 
a small oscillatory circuit, coupled very loosely to both aerial 
systems and excited by means of a shunted high note buzzer. 
The E.M.F.’s induced by this buzzer circuit in the two aerials 
will be in phase, because they are the result of one current in 
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the small oscillatory circuit. If, then, we tune one aerial to 
buzzer wave length and, after placing the pointer of the radio- 
goniometer in the correct position, we adjust the other aerial 
condenser till the best minimum is obtained, we know that 
the currents are in phase. (See page 308 for practical details.) 

It is not necessary that the aerials should be very exactly 
tuned to the incoming wave ; it is only essential that they 
should both be tuned to the same wave length as one another. 
If the incoming wave is a little longer or shorter than the tune 
of the aerials, then the currents which flow in the two loops 
will lead or lag on the E.M.F.’s induced by the signal, but since 
both aerials have been accurately tuned together by means of 
the buzzer, the amount of lag or lead will be the same for each 
aerial and consequently the two currents will remain in phase. 

Condition 2. Symmetry of Aerials. The aerials must 
be of the same high frequency resistance, otherwise the 
currents which flow will not be proportional to the signal 
E.M.F.’s and in the case of spark signals the damping of the 
aerials will be unequal, again giving bad minima. 

The aerials must also be equal in size since unequal loops 
give displaced minima, except in the cases where the aerials 
are definitely made of different areas for calibration purposes. 

These conditions are automatically complied with in practice 
since the aerial loops are made equal and symmetrical and of 
the same type of wire. The windings on the field coils are also 
identical. It is .essential, hove that there should be no 
bad contacts in either aerial circuit, as these will introduce resis- 
tance and so impair the purity of the minimum or displace it. 

On page 356 there is an account of a special type of error 
which arises through lack of symmetry of the aerial system 
due, usually, to the capacity between one or more of the limbs 
of the aerial and some large conductor near at hand. This is 
an error which is more common in ship installations than any 
other and therefore appears in Chapter Ir. 

Condition 3. Symmetry of the Radiogoniometer. 
The windings of the radiogoniometer field coils must be of 
equal resistance (see 2), have the same number of turns, 
be of the same size, be symmetrically disposed with regard 
to the search coil and in such a manner that the mutual 
_ inductance between the search coil and a field coil follows 
a true cosine law for various angular movements of the one 
relative to the other. This is dealt with in greater detail 
on page 147. 

Condition 4. Mutual Inductance between Aerial 
Circuits. There must be no mutual inductance or capacity 
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between the aerial circuits. This factor is one of the most 
fruitful sources of trouble in a.tuned D.F. installation, and it 
is important, if clear and crisp minima are to be obtained, 
that there should be no coupling whatever between the two 
aerial circuits. The coupling may be either electrostatic, 
electromagnetic or conductive. The first two types are 
avoided by accurate laying out of the aerials so that they are 
truly at right. angles and by arranging the lead-in from the 
aerials to the receiving apparatus in a symmetrical manner. 
Conductive coupling is eliminated by providing ample insula- 
tion between the two aerials. That any such coupling is 
undesirable can be seen from a study of the effects of a wave 

arriving in the plane of 

one aerial when coupling 

exists. Ideally, the wave 

should produce maximum 

current in the loop which 
S lies in its direction of 
<Suze travel and no current in 
the loop which is broad- 
side on, but if the loops 
are coupled together, the 
aerial which should have 
no current in it will have 
a current induced by that 


Cc 
i flowing in the other aerial. 
Cy This at once upsets the 
working of the system 
Fig. 128.—B-T Tuned Frame D.F. and gives a bad minimum 
Givcdis which may be displaced. 


The minimum is indefi- 
nite because the E.M.F. induced in the “ broadside on ”’ loop 
is go° out of phase with the inducing current in the “ end-on ”’ 
loop. This results in a rotating field and so gives signals 
at the position of true minimum. Details of the method of 
testing for and eliminating coupling between the aerials are 
given on page 308. 


BELLINI-TOSI RECEIVING CIRCUITS 


The Tuned Aerial B-T Circuit. We are now in a 
position to consider the complete circuit of a simple B-T 
direction finder. Fig. 128 is a diagrammatic view of such a 
system’in which N-S and E-W. are the two frame aerials. The 
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variable condensers C; and C, are connected between the split 
halves of the field coils a a, b b of the radiogoniometer and a 
vernier condenser C’, is connected in parallel with C,. This 
small condenser is necessary, because, if C2 should be at all 
stiff in turning, it may be practically impossible to find a point 
of balance. The search coil is tuned by the condenser C;, 
the terminals of which are connected to the amplifier. The 
tuning buzzer for balancing purposes is shown at O ; it merely 
consists of a small wavemeter circuit placed near the leading 
in wires from the aerials and excited by a dry cell and a 
buzzer. Sucha simple circuit will work quite well as a direction 
finder and was, in fact, in use for a long time before the 
developments which are mentioned below took place. 

The Aperiodic Aerial B-T Circuit. It has been seen 
that the tuning of the two aerials 
in the tuned B-T direction finder is 
a very critical operation, owing to 
the fact that the two currents must 
be accurately in phase. This tuning 
is a serious disadvantage in com- 
mercial D.F. work, because the 
slightest accidental change of tune ‘ 
of one of the aerials, such as may 
easily occur owing to one of the 
variable condensers being accident- 
ally moved, will upset the bearing 
taken on the radiogoniometer. This, 
and other causes, led to the develop- . — yeu 
ment.of the aperiodic aerial system. FS: 129-—B:1 Aperiodic 

In this arrangement, the radio- pues ate aunts 
goniometer is constructed so that the coupling between the 
field and search coil is as tight as possible, the search coil 
being made in the form of a cylindrical cage which fills the 
space enclosed by the field coils (see Fig. 136). If, then, 
the aerials be connected directly to the field coils and the 
search coil be shunted by a variable condenser, the system 
as a whole may be tuned by this condenser. Fig. 129 shows 
an arrangement of the circuits, the terminals of the amplifier 
being connected directly across the tuning condenser. 

The theory of the aperiodic frame aerial with a tightly 
coupled tuned circuit has been described on page 84 and it 
was seen that the condenser in the coupled circuit had the effect 
of partially tuning the frame through the transformer. The 
fact that there are, in the present case, two aerials and two 
primaries to the transformer need not disturb us, for we have 
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already seen that the combination of two frame aerials and a 
radiogoniometer is in every way the electrical equivalent of a 
single rotating frame. : | 

It will now be realised that no balancing is required in this 
system. The loops are no longer independent oscillatory 
circuits and, since the E.M.F.’s induced by the incident wave 
are in phase in the loops, the currents which flow will also be 
in phase. The-loops are really only un-tuned when the search 
coil is in the position of zero signals for, as already mentioned 
on page 88, any current in the search coil circuit will introduce 
an element of tuning and 
alter the phase relations of 
current and E.M.F. | 

The Simple B-T Aperio- 
dic Aerial Circuit. The 
simplest form which the B-T 
direction finder can take is 
that shown in Fig. 130, where 
the search coil is connected 
to. the. primary *Peotetie 
shielded: transformer T, the 
tuning condenser being 
shunted across the secondary 
J. Verticalis guarded against, 
firstly by an earth connection 
to. the radiogoniometer field 
coils and secondly by the 
shield E. It will be observed 
that the mid points of the 
two field coil systems have been joined together at M. This 
is quite safe because, provided that the aerial system is per- 
fectly symmetrical, there is never any difference of potential 
between these points and no undesirable currents can flow as 
a result of making this connection. The error introduced by 
lack of symmetry of the aerials is described on page 356. 

The B-T Aperiodic Aerial with Loose Coupled Inter- 
mediate Circuit. The circuit of Fig. 131 should be compared 
with the corresponding simple frame circuit of Fig. 83 on 
page 86, the remarks made there applying equally to the 
B-T system. This circuit requires more careful handling than 
that shown in Fig. 130, and consequently its use is generally 
confined to shore stations. 

Completely Aperiodic Heart-Shape Circuit. Owing to 
its simplicity the circuit shown in Fig. 132 is particularly suit- 
able for ship work. The circuit is exactly the same as the. 
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Fig. 130.—B-T Aperiodic Frame D.F. 
with Shielded Transformer. 


LHE APERIODIC B-T;HEART-SHAPE: CIRCUIT 


simple aperiodic system of Fig. 130, with the exception that the 
transformer is provided with a third winding in order to com- 
bine, ithe detector circuit, the, HM E.'s: induced: bythe 
currents in the vertical aerial and the search coil circuit. The 
resistance included in the circuit of the tertiary winding per- 
forms the double function of adjusting the phase and also the 
amplitude of the current. Its value is so chosen, when design- 
ing the circuits, that the best minimum possible is obtained 
over the whole range of wave length covered by the transformer 
and its tuning condenser, although only at one wave length 


Fig. 131.—B-T Aperiodic Frame D.F. Fig. 132.—B-T D.F. with Aperiodic 
with Loose Coupled Intermediate Frame and Open Aerials, Shielded 
Circuit. Transformer and Tertiary Winding 

for Sense Indication. 


is there a complete zero balance of signals. The Marconi 
ship D.F. set on page 362 employs this circuit. 
Completely Aperiodic B-T Heart-Shape Circuit with 
Loose Coupled Intermediate Circuit. The operation of 
this circuit, which is shown in Fig. 133, has been described on 
page 87 in its application to the simple rotating frame. On 
page 316 are given some notes on the adjustment of the ap- 
paratus of this circuit, in order to obtain an accurate heart- 
shape balance for the purpose of duplex working, “’ X ” stop- 
ping, etc. Such adjustments of the circuits are quite un- 
necessary for ordinary D.F. work. The actual direction of 
the transmitting station is taken on the figure eight diagram, 
and switching arrangements are provided for connecting the 
vertical aerial circuit so that the diagram is re-examined to 
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determine which minimum represented the true bearing of the 

station. | ? 
It is preferable, at any rate during the daytime, always to 

take bearings on the figure eight diagram because : LF 

(xt) The minimum of the figure eight diagram is much 

sharper than that of the heart-shape. 

(2) The necessity for accurate balancing of the heart- 

shape circuit is avoided. 

(3) The heart-shaped diagram is not perfectly sym- 
metrical in prac- 
tice (page 88), so 
that an error may 
be introduced if 
swing readings 
are taken. 


RECEIVING 
APPARATUS 


The Radiogo- 
niometer. This 
instrument is, of 
course, common to 
all B-T stations, no 
matter what ,the re- 
mainder of the cir- 
0B cuit may be; but 
the design of the 


a radiogoniometer 
Fig. 133.—B-T All Aperigdic Heart-Shape D.F. varles according to 
with Loose Coupled Intermediate Circuit. whether the system 

is operating with 

tuned aerials, simple aperiodic aerial circuit or the combi- 
nation of frame and open aerial circuit for sense determination. 
Radiogoniometer for Tuned Aerials. Fig. 134 and Fig. 
135 show one method of mounting the search coil of a radio- 
goniometer for use with tuned aerials. The two sets of field 
coils a a and 6 } are broken at the centre of each winding and 
leads are taken to terminals for the insertion of the aerial tuning 
condensers. The framework, on which the coils are wound, is 
of ebonite. The search coil is wound on a spherical ebonite 
former, the leads being brought out to a pair of terminals on 
top of the instrument. A device is fitted in this particular 
design to prevent the search coil making more than three 
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complete revolutions and thus preventing undue strain being 
put on the flexible leads. In some designs of radiogoniometer, 


_ Fig. 134.—Radiogoniometer for use with Tuned Aerials. 
slip rings are fitted, allow- 
ing unlimited rotary 
motion of thespindle. This 
is a great advantage in 
instruments which are in SKS SEM 
constant use, but in the SOS SESE 
case of the radiogoniometer 01 S506 SEEN 
of a directional receiver in PRES ELIERSS 
use for commercial traffic 
reception from one station 
only, the adjustments may 
not be altered for days at 


a time, and there is the Fig. 135.—Connections of Field Coils in 
possibility that a slip ring Radiogoniometers of Fig. 134 and Fig.136, 
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may become tarnished and exhibit the symptoms of a discon- 
nection when it is eventually moved. Rapid rotation of the 
search coil will usually cure the trouble. 

This type of radiogoniometer, having a loose coupled spherical 
search coil, is always used with tuned aerials, and since the 
efficiency of the tuned aerial reception is high and the coupling 


if 


Fig. 136.—Radiogoniometer for use with Aperiodic Aerials. 


of the field coils and search coil is small, there is no necessity 
for the use of a shielded transformer. 

Radiogoniometer for Aperiodic Aerials, The field 
coils of this instrument, shown in Fig. 136, are seen to be 
almost the same as in the previous case, but the search coil 
is cylindrical in shape and is much more tightly coupled to the 
field coils. This type of radiogoniometer may be used with 
either tuned or aperiodic aerials, but owing to its compara- 
tively tight coupling, a shielded transformer is advisable in 
the former case and essential in the latter (see page 86). 
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The actual instrument in Fig. 136 is not of recent design, but 
illustrates the relative positions of the field coils and search 
coil better than the later models shown in Fig. 270 and Fig. 300. 
It is customary in the case of aperiodic aerial working, to make 
use of a radiogoniometer which has a coupling of not less than 
pOsper. cent, 

By the expression ‘‘ 50 per cent. coupling’ is meant that: 


ns ae x 100 = 50 
M’ % 


¢ 


where Li: = Inductance of a field coil. 
s = Inductance of the-search coil. 
M = Mutual inductance between search coil and field 


coil systems. 


Radiogoniometer for Sense Determination. Referring 
again to Fig. 23 (c), which shows the composition of the heart- 
shape diagram, it will be noted that the minimum of the heart- 
shape is at right angles to the minima of the figure eight. Most 
radiogoniometers which are used for both direction finding 
and sense determination are, therefore, provided with two 
pointers at right angles. One pointer moves close to the scale 
and is engraved with a fine line for the accurate reading of 
bearings on the divided circle; whereas the other is shorter 
and has no definite index, being used merely for examining 
the two minima observed by the plain D.F. in order to decide 
upon the sense to be assigned to the direction of the trans- 
mitting station (see Fig. 268). | 

Other Designs of Radiogoniometer. Modifications to 
the above designs are necessary when the instruments are 
required for ship and aircraft work or for use in the Multi- 
way system of reception and other special purposes. Par- 
ticulars of the Marconi-B-T Shore and Ship D.F.’s will be 
found on pages 319 and 362, double radiogoniometers for 
Multiway Reception on pages 160 and 163, and a special 
type, introduced by C. E. Horton, on page 271. 

Points in the Design of the Radiogoniometer. Those 
of the conditions for the accurate working of the B-T system 
mentioned on page 136 which depended upon the design of 
the radiogoniometer, may now be examined in rather greater 
detail. 

One of the most important factors is the maintenance of 
electrical symmetry in the field coil circuits. These coils 
must be identical with regard to the number of turns, the 
spacing of the turns, type of wire used and the resistance and 
inductance. The magnetic fields produced by the field coils 
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have to be proportional to the E.M.F.’s in the respective 
loops and clearly any one of the above factors can influence 
the strengths of the fields. 

The field coils must have their elect- 
\éES rical axes at right angles and must be 
4 free from mutual inductance. This 
point may be checked in a very simple 
manner by exciting oné of the field 
cous by means of a note frequency 
oscillator and listening with a pair of 
telephones attached to the other field 
coilwinding. Thereshould be no trace 
of the note. 

The search coil must have its wind- 
ing symmetrical with reference to the 
spindle and the field coil windings. 
If the spindle be made in two halves, 
insulated from one another at the 


BRASS 
[cern DLE 


| apa =. esonite centre, and having slip rings fitted for 
wincinc PY FORMER leading out the winding as in Fig. 137, 


it will normally happen that there is 
one more half turn on one side of the 
coil than on the other, as shown in 
Fig. 138. When the number of turns 
is large, the effect of this odd half turn seems to be negligible, 
but in low inductance search coils with very few turns it is 
preferable, where extreme accuracy is required, to adopt some 
such scheme as in 
Fig. 139 in which 
the odd half turn 
is brought down 
the centre of the 
coil, preserving the 
symmetry of the 
winding. In any 
case the error pro- 
duced is small. 
The scale of the 
instrument must 
be accurately en- 
eraved and cen- 


Fig. 137.—Search Coil 
with Slip Rings on 
Spindle. 


= 


trally mounted, 
and in the case of 
radiogoniome ters 
intended for accu- 


Fig. 138.—Asymmetry 

of Search Coil Winding 

due to use of “ Live”’ 
Spindle. 
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Fig. 139.—Symmetrical 
Search Coil Winding, 


using “ Live ’’ Spindle. 
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rate work, the scale should be metal “and machine engraved. 
The majority of the composition scales of the type used for 
variable condensers, etc., are worse than useless. Amongst 
their more common faults are : 


(r) Inaccuracy of the divisions on the scale. 

(2) The scale was not mounted centrally when made 
so that the geometric centre of the scale is not at the inter- 
section of the 0°-180° and the go°-270° lines. If such a 
scale be used the error produced is similar to vertical, 
namely that the minima are not opposite one another. 

(3) Many composition scales warp badly with age. - 


For first order accuracy, the radiogoniometer should be 
considered as a precision instrument, and every possible care 
taken in its construction. Windings should all be run in 
machined slots and all preventable errors eliminated, so that, 
during installation of the instrument later, the practical 
problems of calibration, etc., may not be rendered still more 
difficult by the existence of an element of doubt regarding the 
most vital part of the receiver. 


COUPLING ERROR OF RADIOGONIOMETER 


If carried too far, the tight coupling of the radiogoniometer 
used with aperiodic aerials may be the cause of serious errors 
owing to the difficulty of maintaining the true cosine law of the 
instrument in these circumstances. On page 131 it was pointed 
out that the direction of the magnetic flux inside the field coils 
bears the same space relationship to the coils as does the direc- 
tion of the incoming wave to the two frame aerials. This is 
only true, however, if the two fluxes set up by the currents 
flowing through the field coils are perfectly uniform. The 
intensity of a magnetic flux set up by a current in any solenoid 
is greatest nearer the conductor forming the winding and 
diminishes towards the centre of the coil. This change in 
intensity becomes more marked when the coil is not long com- 
pared with its diameter and consequently is very pronounced 
in the field coils of a radiogoniometer. 

It has hitherto been stated that the operation of taking a 
bearing consists in turning the search coil to such a position 
that minimum signals are heard in the telephone receivers, 
thus indicating that the coil lies with its cylindrical axis at 
tight angles to the resultant field. Since the resultant field 
corresponds in direction to the incident wave, the angular 
position of the search coil will be an accurate indication of 
that direction. What we are actually doing, however, is 
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finding by experiment a position of the search coil such that 
the E.M.F.’s induced in it by the currents in the two field coils 
are just equal and opposite, and owing to the non-uniformity 
of the two fields this position may be different from that in the 
ideal homogeneous fields. 


@) FIELD Cor. 


SEARCH COIL 


SPINDLE OF 


Fig. 140.—Theory of Coupling Error of Radiogoniometer. 


In Fig. 140 are shown various positions of the search coil 
of a tightly coupled radiogoniometer. In each case the full 
arrow represents the direction of the resultant field at the 
centre of the field coils. The field coils and search coil are 
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assumed to have one turn only each, and the diagrams are 
cross sections of the windings taken perpendicular to the axis 
of rotation. In case (a) the resultant field lies in the plane 
of the 0°-180° field coil, 7.e., there is no current in that field 
coil and the pointer will indicate correctly. At (b) the resultant 
field lies about 20° clockwise from the 0°—180° field coil. Vy 
however, we turn the search coil so that its plane lies along 
this direction, then, owing to the fact that its conductor is 
nearer to the 0°-180° coil than to the go°—270° one, it will 
lie in a part of the field of the former coil which is relatively 
more intense than that of the latter, and consequently signals 
_will be heard. In order to compensate for this non-uniformity 

of the fields, the coil must be turned to some position such as 
shown in (0) so that it lies further from the 0°-180° coil. This 
gives a plus error when signals are arriving at about 20° clock- 
wise from the North-South aerial which is normally connected 


COUPLING ERROR 


Fig. 141.—Graph of Coupling Error of Radiogoniometer. _ 


to the 0°—180° field coil. At (c), the resultant field lies at 45° 
and in this case, since the search coil, when in the plane of the 
resultant field, is spaced equidistant from each field coil, no 
error is introduced. Case (d) shows the resultant field about 
70° from the 0°—180° coil, and since the search coil is now lying 
in a relatively more intense portion of the field of the go°-270° 
coil, the actual minimum will be displaced anti-clockwise, 
giving a minuserror. When the resultant field lies in the plane 
of the go°-270° coil as in (e) no error exists as in case (a). 

This cycle is repeated in each quadrant, and the net result 
is the production of an error curve such as is shown in Fig. 141. 
It will be seen that the error is positive in the first octant, 
negative in the second and so on. For this reason the error is 
sometimes known as the ‘* octantal error.”’ 

Measurement of Mutual Inductance. The best method 
of arriving at the coupling error of a radiogoniometer is by 
measuring the mutual inductance between the search coil 
and one of the field coils at various points on the scale, and 
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comparing the resulting curve, when plotted, with a sine curve. 
For complete accuracy the two should be identical. Actually, 
they rarely coincide except in a very loosely coupled instrument, 
in which the field coil winding is well spaced and the search 
coil is small and is hence moving in a relatively uniform field. 
The mutual inductance may conveniently be measured with a 
Campbell Inductometer and below is tabulated a set of readings 
taken from a radiogoniometer in which there was excessive 
coupling error. Column 1 is the reading of the pointer, it 
being assumed that for 0° the search coil and the field coil are 
in the same plane. Column 2 gives the mutual inductance as 
measured. Column 3 is the result of making the maximum 
mutual inductance equal to unity and reducing the remainder 
of the readings in proportion. By this means the values are 
more easily compared with the true sine curve. 
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Variable Total Mutual Inductance. When the plane 
of the search coil makes an angle of, say, 10° with the plane of 
one field coil, the mutual inductance between these two should 
be proportional to cosine 10°, which is 0°9848 of the maximum 
value. In this position the search coil is making an angle of 
80° with the other field coil so that the mutual inductance 
between them should be proportional to cos. 80°, which is 
0°1736 of the maximum. The total mutual inductance be- 
tween the search coil and both aerial circuits is the square root 
of the sum of the squares of these two components, namely : 

4/0°98482 + 0°1736? = 4/0°9699 + 0°0301 = I 

The total mutual inductance is thus a constant amount so 
long as the mutual inductance between the search coil and 
individual field coils follows the cosine law. ‘In Column 5 
the actual test values of the mutual inductance have been 
squared, and in Column 6 the complimentary values have 
been added together, that is to say, the square of the mutual 
for 5° added to the square of the mutual for 85°, and so on. 
Column 7 is the square root of Column 6. Column 8 is the 
percentage change in total mutual inductance as the search 
coil is rotated from 0° to 45° at which point the change will 
decrease again to zero at go°, where there is linkage with one 
field coil only, 

This change in total mutual inductance between the search 
coil and aerial circuits is an important factor, since it causes a 
variation in the beat tone when the receiver is being used on the 
self heterodyne principle, and also may cause interference in 
multiway directional receiving stations (see page 159) by 
altering the tuning of the search coil circuit of a receiver when 
the radiogoniometer of a second receiver, which is tuned to 
the same wave length, is rotated. Yet another ill effect is in 
the case of a D.F. or directional receiver employing a high 
frequency amplifier which is in an unstable condition due to 
reaction. The comparatively slight change in tuning of the 
high frequency circuits may produce large changes in signal 
strength, giving the effect of four maxima and four minima 
during one revolution of the search coll. 

Coupling Error Calculated from Mutual Inductance. 
From the figures in the table it is now a simple matter to 
determine what the coupling error is for any position of the 
search coil. We know that for complete accuracy when the 
pointer is at, say 15°, the ratio of the two component fields 

cos 15° 
cos 75 


linking the search coil should be which is cot 15°. 
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Actually the fields linking the search coil are in the ratio 
Mutual Inductance for 15° 


Mutual Inductance for 75° 
235°2 


and this from the test results: is 


equal to = 4°316 which is found to be cot 13° 3’.. The 


ratio is thus too large, owing to the fact that when the search 
coil is situated with respect to a field coil as shown in Fig. 142 (a), 


Fig. 142.—Calculation of Coupling Error from Measured Mutual 
Inductance of Search Coil and Field Coils. 


the mutual inductance is too small, whilst when it is in the posi- 
tion shown in Fig. 142 (0), the mutual although still too small, 
is proportionately more correct in value than in Fig. 142 (a). 
If, therefore, the currents in the N-S and E-W field coils are in 
cos 15° — 0°'9659 
cos 75°  —-0'2588 
would be if due to E.M.F.’s in the aerials produced by a signal 
having a 15° angle of incidence, the resultant field will be as 
in Fig. 142 (c). The search coil if placed in the position in 
which it should have no linkage with this resultant field, as at 
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% y in Fig. 142 (d), will now be too loosely coupled with the 
N-S field coil and too tightly coupled with the E-W field coil, 


and will have 
to be rotated 
clockwise 
through 1° 57’, 
to give a zero 
signal balance. 
The apparent 
error will thus 
be + 1°57’. 
These ratios 
of complemen- 
tary mutual 
inductances 
ares given in 
Column 9g, and 
the correspond- 
ing angles in 
Column Lo, 
The last column 
gives the errors, 
_ and these have 
been plotted in 
Fig.-143; The 
maximum error 
Weetnus 2° at 
18° on the scale, 
and the cycle 
will be re- 
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Fig. 143.—Graph of Measured Mutual Inductance 
and Calculated Coupling Error, 


peated, positive and negative in alternate octants, as already 
mentioned on page I49. 


DOUBLE WINDING 
SEARCH CO 
SECTION S 


7 APPROX: 45 


; i 
Fig. 144.—Compound 45° Search 
Coil Winding. 


Reduction of Coupling 


paceod Error. Aconsideration ofthe 


error curve of Fig.14I will show 
that for any two positions of 
the search coil which lie 45° 
apart, the errors are opposite 
in sign. If, then, two search 
coils are provided in the radio- 
goniometer wound on the same 
former and connected in series 
and with their planes 45° apart © 
the resultant error should 
cancel) out; “In Wig. 144 the 


53 


WIRELESS DIRECTION FINDING 


double search coil is illustrated and although, for the position 
shown, the axis of the compound coil is in the direction of 
maximum error, yet owing to the fact that each section of the 


RADIOGONIOMETER 


STANDARD 
RADIOGONIOMETER UNDER TEST (a) 


(b) 
. 
i 
| 
Few 
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lew | Fns 
: 
| 
Ins 
(e) fsa das 
Fig. 145.—‘‘ Back to Back ”’ Comparison of Two Radiogoniometers. 


search coil is lying in a position of zero error, the resultant 
error should also be zero. 
The actual error curve of a radiogoniometer is usually not 
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quite symmetrical (see Fig. 143), so that the angle between the 
two sections of the search coil winding, to give the best overall 
compensation may vary from the 45° value. The best angle is 
found by experiment for any particular design of instrument 
and employed in the manufacture, and whilst it is found not 
to be a complete solution of the problem, the errors are 
materially reduced. 

To Check the Accuracy of a Radiogoniometer 
Against a Standard. A simple method of checking a 
radiogoniometer for coupling error is to connect its field 
coil terminals to those of a standard instrument and then, 
exciting the search coil of the standard at note frequency, 
to check the readings of the position of minimum signals 
on the scale of the instrument by means of telephones in 
series with the search coil. Assuming that the two radio- 
goniometers have their pointers set in the same positions 
relative to their search coils, it will be found on connecting 
the field coilsas in Fig. 145 (a), and setting the pointer 
of the standard to o°, that the other pointer will read 90° 
or 270° for the position of minimum. | 

The reason for this is that if the search coil of the 
standard is in the plane of the E-W field coil, then there 
will be maximum current in this circuit and none in the 
N-S coil so that to obtain a minimum in the radiogoniometer 
under test, its search coil must be set at right angles to 
the E-W coil. | 

If, for any reason, it is desired to make the minimum of 
the radiogoniometer under test read the same as the pointer 
of the standard, it may be done by interchanging the field coil 
leads and reversing one pair as shown in Fig. 145 (b). This 
is worth considering for a moment, since the method of 
investigating the effects of cross connecting field coils 
in this manner is also applicable to the diagnosing of 
certain errors of a similar nature which are mentioned on 
page 400. 

Assume that the pointers and search coils are in each case in 
the same plane, and that the 0°-180° line of the scale is in the 
plane of the N-5S field coil. Then, if the standard pointer be at, 
say, 20°, the search coil will be rotated 20° clockwise from the 
N-S field coil and there will be a large current in the N-S coil 
and a small one in the E-W coil. If a convention be adopted 
for the relation between the instantaneous direction of the 
current in a field coil and the direction of the magnetic flux, 
we can examine the directions of the currents and resultant 
magnetic flux in the radio under test and so determine what 
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will be the position of the pointer. Let us assume that a flux, 
threading the N-S field coil in the direction W to E will result 
in an E.M.F. and a current flowing from N to S in the N-S 
field coil. 
This is shown in Fig. 145 (c), where the heavily barbed 
arrows represent the direction of the current and the lighter 
arrows, the flux. 
TO LIGHTNING ARRESTER _ Conversely, a cur- 
» & AERIAL “LEAD IN" rent flowing, at 
a any instant, in the 
N-S field coil, from 
the S to the N ter- 
minals, will pro- 
duce a flux along 
the axis of the coil 
in the direction of 
Fas in Fig. 145 (a). 
Referring to Fig. 
145 (e), the flux of 
the standard 
search coilis shown 
along its axis and 
is resolved into 
rectangular com- 
ponents F,, and 
ek F.,, threading the 
BUZZER two field coils. 
Es Following the con- 
| itt : vention mentioned 
{a — a it above, these fluxes 
to _ -will produce field 
coil eurrents alae 
OAL A and. I,, inthe dr 
AERIALB AERIALA rection shown by 
TO AERIAL DISCONNECTING wie mk ite 
SWITCH & RADIOGONIOMETER igure. Coming to 
si the  radiogonio- 
Fig. 146.—D.F. Wave Meter and Tuning Buzzer. meter under test 
(Fig. 145 (f)), the larger current from the N-S field coil of the 
standard now flows in the E-W coil and the smaller current 
in the N-S coil, and these produce fluxes and currents as 
shown. It will now be seen that the resultant flux makes an 
angle of 20° with the N-S field coil and for the condition of 
minimum signals, the plane of the search coil and hence the 
pointer must be in this direction. 
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If the field coil connections are simply interchanged without 
reversing one of the pairs it will be found that a minimum 
is obtained when the two pointers are set at 0°, but that when 
the standard is rotated clockwise through 20°, the other has 
to be rotated 20° anti-clockwise in order to maintain the 
minimum. Compare these results with the notes on page 400 
regarding the errors brought about due to accidental cross 
connection of aerial and field coil leads. 

The D.F. Wavemeter and Tuning Buzzer. This appa- 
ratus, which is only used in connection with the tuned aerial 
circuit, is shown in Fig. 146. It consists of a box in the 
centre of which a winding on a spherical former is arranged 
‘so that it may be rotated about a vertical axis. At the corners 
of the box, four vertical ebonite tubes are fixed, through which 
the aerial Jeads are taken at some point between the lead-in 
and the radiogoniometer. This type of construction is adopted 
in preference to fixed windings and terminals as it reduces 
the number of screwed connections in the aerial circuits. Each 
aerial lead makes half a complete turn round the box, enabling 
the aerials to be coupled to the buzzer circuit. This geometrical 
atrangement of the aerial leads complies with the requirements 
of the tuned aerial system, namely : : 

Symmetry of aerials. 

Equal length of leads and hence equal resistances. 

Absence of mutual inductance between aerials (except 
by means of the spherical wave meter coil). 

The moving coil, together with a variable condenser, forms 
an oscillatory circuit which is excited by means of a battery 
and high note buzzer, the circuit being calibrated over a range 
of wave length on which the D.F. is intended to operate. 

An important detail is that the buzzer switch is placed in 
the oscillatory circuit and not in the battery lead, so that 
during the reception of outside signals the moving coil is dis- 
connected and does not couple the aerials. 

The Shielded Transformer. The necessity for the use 
of a shielded transformer in the receiving circuit, more es- 
pecially when using the aperiodic aerial system, has been ex- 
plained in Chapter 3, and on page 59 the theory of action was 
discussed. Fig. 147 shows the construction of such a trans- 
former and it is seen to consist of a cylindrical former of ebonite 
on which are placed, in turn, the primary winding, the copper 
foil shield and the secondary winding, each separated by a 
layer of insulating material which is usually either ‘‘ empire 
cloth” or paraffined paper. 

The coupling between the windings is always made as tight 
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as possible to avoid leakage, and consequent loss of signal 
strength; although if the insulation between the windings 
and shield be made very thin, the self capacity of the trans- 
former may: become so great that the range of wave length 
covered by the transformer, in conjunction with any given 
tuning condenser across the secondary, is very restricted. A 
compromise has therefore to be effected, and the thickness of 
insulation will generally be in the ‘neighbourhood of = to 
= inch. 

‘The shield extends evend the ends of the windings to a 
distance of about 4 to 4 inch, and, in order to prevent it forming 
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Fig. 147.—Shielded Transformer with Tertiary Winding. 


a short circuited turn, a strip of insulation is placed along 
the length of this foil where the overlapping takes place. It is 
found that the shielding effect is better if the ratio of length 
to diameter of the windings be kept within the limits 2°5: r to 
3°5: 1. If the length and diameter be made approximately 
equal, the shield will have to be extended considerably beyond 
the end of the windings, involving an unnecessary amount of 
eddy current loss in the copper foil. 

By careful design and proportioning of the various parts 
of an aperiodic circuit it is possible to get a range of wave 
length of about 2°5: 1 to 3: 1 with a given transformer. Ifa 
greater range of wave length be required, it becomes necessary 
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to have a second transformer, in which the ratio of the number 
of turns on the two windings is so adjusted that the minimum 
wave of the second range just overlaps the maximum of the 
first, and, for wave lengths of the order of 2,000 to 3,000 metres, 
the secondary windings will usually have to be lap or pile wound. 
On page 140 it was said that in the combination of the 
aperiodic frame and the resistance phased open aerial, the 
circuit was sometimes simplified by omitting the intermediate 
circuit and using a shielded transformer which, by means of a 
tertiary winding, combined the loop and open aerial E.M.F.’s 
in the required manner. A method of mounting this tertiary 
winding on a second ebonite former 
is shown in Fig. 147. This former 
slides in flush with the outer one. 


MULTIWAY DIRECTIONAL 
RECEPTION 


It is common practice in direc- 
tional receiving stations which em- beau aoe 
ploy the B-T system, to connect Fe, | 
more than one radiogoniometer to the | 999 000 
aerial system, thus enabling a num- 
ber of commercial traffic services to 
be handled on various wave lengths 
without the expense of duplicating | _ 
Moseolardehal systems, “When the well. core} 
wave lengths are large, say 10,000 Fig. 148.—Two Radiogonio- 
metres and upwards, this is a. great meters Connected to a B-T 
saving, as the aerials: required are Aerial without Anti-Coupling. 
generally extensive. Similarly, at | 
aerodrome D.F. stations, it is often a great advantage to be 
able, at one central receiving station, to have two direction 
finders working simultaneously or two directional receivers 
which, by means of suitable polar diagrams of reception, can 
take messages from or take bearings of two aeroplanes 
simultaneously. The B-T system lends itself readily to multi- 
way working of this nature. 

In Fig. 148, F, is the field coil of a radiogoniometer, and S, 
a search coil winding with tuning condenser and leads to an 
associated receiver. The field coil is shown connected to one 
loop of a B-T aerial system, in parallel with which is the field 
coil F, of a second radiogoniometer. The other two field 
coils are similarly connected in parallel across the second loop 
aerial but are not illustrated. It is easy to see that these 
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two radiogoniometers cannot be worked independently for 
any current in the search coil S, due to a signal will result in 
interference in S, owing to the tight coupling via F; and Fz. ° 
Similarly any signal in S, will interfere with the first receiver. 
Only when the wave lengths of the two signals are widely 
different and the radiogoniometers have comparatively loose 
coupling can the circuits be operated satisfactorily in this 
manner. 
Provision must therefore be made that any coupling from S 


Fig. 149.—Three Radiogoniometers Connected to a B-T Aerial with 
- “ Dummy Aerial’’ Anti-Coupling. 


to S, is neutralised, and one method of doing this is shown 
in Fig. 149. Each radiogoniometer is now a double instru- 
ment, having two search coils S: and s,; connected in series, 
and which are fitted on the same spindle and rotate together 
as in Fig. 150. Each search coil has two sets of field coils, 
those belonging to one radiogoniometer being connected 
in parallel across the main aerial loops, whilst those of the other 
are connected in series with ““ dummy aerials’ which consist 
of coils wound on small formers and having an inductance 
which is a function of the field coil and active loop aerial 
inductances. Again, only one active aerial and one dummy 
aerial are illustrated for the sake of simplifying the diagram. 
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If, now, the arrow 1 in the search coil S: represents the 
instantaneous direction of the current due to a signal, it only 
remains to find out whether the effect of this in the search 
coil S, can be neutralised. Suppose the current represented 
by the arrow 1 causes an E.M.F. in the field coil F, shown 
(conventionally) by the arrow 2, then the resulting current 
will flow as shown by the arrows 2, 3 and 4 and will induce 
an E.M.F. in S, as indicated by the arrow 5. Returning to 
the first circuit again, the S: current flowing through sz, as 
shown by arrow 6 will induce an E.M.F. 7 and a current 
7, 8 and g in the dummy field coil circuit and the E.M.F. 
-to induced in s, will be in the opposite direction round the 
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Fig.: 150.—Connections of Double Radiogoniometer. 


search coil circuit to the E.M.F. 5 induced in S.. The dummy 
aerial circuit therefore anti-couples the search coil circuits, and 
it will be found that any number of receivers may be added 
- and all the search coils are anti-coupled one from another. 
In such a series parallel arrangement it is preferable to maintain 
the parallel connection in the active aerial, in order that the 
mid-points of the field coils may be earth connected for 
purposes already mentioned. 

The relation between the inductance of the dummy aerial 
coils and the rest of the aerial circuit can be easily found. 
Since all the radiogoniometers are identical it will be clear 
from Fig. 149 that the condition for balance in, say, circuit 2 
due to a signal in the search coil of No. 1, is that the currents 
produced in F, and f, shall be equal. Writing down the 
expression for these currents and equating them, it will be 
found that if L, be the inductance of one loop of the active 


ian TOL 


WIRELESS DIRECTION FINDING 
aerial, L, that of a field coil and L, that of the dummy, 
then : 
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Fig. 151 shows the complete aerial circuits for a set of 
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Fig. 151.—Complete Aerial Circuit for Series of Anti-Coupled 
Radiogoniometers, 
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directional receivers in which the dummy aerial circuit is 
rendered as symmetrical as possible by winding the field coils 
in two halves as in the case of the active field coils and con- 
necting them as shown. It will be noticed that the dummy 
aerial coils are each wound in two halves, each pair being 
disposed at right angles to one a ts 
another to prevent mutual in- 
ductance between them. 

It is not absolutely necessary 
to split the dummy field coils 
or dummy aerial coils in this 

-way, and as a directional re- 
celver the system will work 
quite well with the dummy 
field coils connected in series 
with a single dummy aerial 
coil as in the schematic dia- joumY melo 

eramofFig.149. Itmayalso cols 

be found an advantage to 

connect the mid-point of the Fig. 152.— Alternative method of 
active field coils of one radio- > ©>taining Anti - Coupling using 
goniome ter only to earth, Single Radiogoniometer. 

and not all of them as shown in Fig. 151. 

There is a modification of this method of anti-coupling 
receivers which does not involve the expense of a double 
radiogoniometer but, since it may affect the accuracy of the 
directive properties, it is applicable only to directional re- 

celving stations and not to multiway D.F. 

stations. The field coils of any radio- 

goniometer are each normally wound in 

two halves and appear, in plan view, as 

in Fig. 135, and it is found to be possible 

to use half of each coil as an active field 

coil and the other half as the dummy coil, 
_ connecting the instrument as shown in Fig. 
152. The single search coil now takes the 
place of the two series search coil of the 
double radiogoniometer. 

Two apparent sources of trouble im- 
mediately present themselves. Firstly, 
since the active and dummy coils are so close together, and 
parallel to one another, there will be considerable mutual in- 
ductance between the circuits ; and secondly, both pairs of 
field coils are now arranged as in Fig. 153, instead of crossing 
symmetrically in the conventional manner, and this again 
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Fig. 153.—Asymmetri- - 
cal Arrangement of 
_ Field Coils in Fig. 152. 
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introduces coupling between the N-S and E-W aerials on both 
the active and dummy sides. 
: The ‘first’ “of | thee 
points, namely that all 
the active field coils 
are coupled to all the 
dummy coils, does not 
affect the operation of 
the system unless the 
coupling between ac- 
tive and dummy half 
field coils is extremely 
tight, as would be the 
case if they were wound 
one on top of the other. 
In such a case, only a 
very small leakage field 
would be available to 
link with the search 
coil. and. hence ‘the 
coupling of the radio- 
goniometer would be 
almost zero. With the 
half field coils placed 
as*.in..( Fig." 1525aane 
mutual inductance is 
not enough to reduce, 
appreciably, the link- 
age of the search coil. 
Similarly, the mutual 
inductance | between 
the N-S and the E-W 
active or dummy field 
coils respectively, ow- 
ing to their being ar- 
ranged as in Fig. 153, 
is found also to be in- 
sufficient to prevent a 
perfectly sharp heart- 
shape minimum being 
secured. 
Fig. I5I may now 
be re-drawn as in Fig. 154, in which the single radiogonio- 
meter with the split coils is used, and the dummy field coils 
are connected in a simple series circuit with single dummy 
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Fig. 154.—Complete Aerial Circuit for 
Anti-Coupled Radiogoniometers with Split 
Field Coils. 


THE OPEN AERIAL SYSTEM FOR A MULTIWAY STATION 


aerial coils, only one of the active ‘field coil mid-points being 
connected to earth. 


OPEN AERIAL SYSTEM FOR MULTIWAY STATION 


It has been assumed, up to the present, that a separate 
open aerial will have to be used for each receiver in a multiway 
station, but a method exists for overcoming this disadvantage 
to some extent and which may even, in favourable circum- 
stances, enable one open aerial to be used for any number of 
heart-shaped diagrams. | 

In the method of ‘‘ valve coupling ”’ an aperiodic open aerial 
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1g ig. 155.—Aperiodic Open Aerial, Valve-Coupled to Receivers 
of Multi-Way D.F. or D.R. Station. 


to a receiver, described on page 71, it was arranged that there 
should be no grid current in the coupling valve. The receiving 
circuit is therefore “ potential operated’ and cannot exert 
any damping effect on the aerial or affect it in any way. This 
being the case, there is no reason why any number of coupling 
valves and receivers should not be connected across the same 
open aerial as shown in Fig. 155, the various search coil circuits 
selecting from the anode circuits of their respective coupling 
valves, those frequencies with which they are in resonance. 

The receivers, in this case, will be susceptible to jamming 
due to rectification on the coupling valves, just as already 
described on page 72, and in a B-T multiway receiving station 
it is often preferable to erect a few more open aerials rather 
than risk the interference. Further reference is made to this 
question in Chapter ro. 
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In order to appreciate to the fullest extent the ways in which 
the wireless direction finder may be used as an aid to naviga- 
tion in the case of a ship or aircraft, or as a simple direction or 
position finder in the case of a shore station, it 1s an advantage 
to have a thorough acquaintance with the various types of 
maps which are used for the work. Furthermore, in the former 
case, in which the direction finder is installed on board a 
moving object, a knowledge of the elements of navigation is 
advisable, in order to make intelligent use of the apparatus. 

This chapter deals with some of the ways in which the 
surface of the earth may be represented as a map or chart, 
showing their uses and limitations, as applied to wireless direc- 
tion finding. : 

The Earth. The dimensions of the earth and the method 
by which positions on its surface are located by the use of 
lines of ** Latitude’ and ‘‘ Longitude ”’ will be familiar to 
a large number of readers, but a certain amount of recapitula- 
tion will not do any harm. 

The shape of the earth is that of a sphere which is slightly 
flattened. The North Pole and South Pole are the names 
given to the points at the extremities of the least diameter, 
the length of which is 7,g00 statute miles, and this diameter 
is also the axis of rotation of the earth. A line round the earth 
midway between the poles, and hence at the position of maxi- 
mum diameter, which is, 7,926 statute miles, is called the 
Equator. For our purposes the earth may, without hesitation, 
be considered as a perfect sphere, the errors introduced thereby 
being very slight. 

The lines of latitude are usually known as Parallels of 
Latitude or simply ‘ Parallels,’’ and that portion of the 
earth which is on the same side of the Equator as the North 
Pole is known as the Northern Hemisphere, whilst the other 
half is called the Southern Hemisphere. 
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The lines of longitude are referred to as Meridians of 
Longitude or ‘‘ Meridians,’’ and if an observer were to stand 
facing along a meridian in a northerly direction with his arms 
extended, his right arm would be said to point to the East 
and his left hand to the West. The earth rotates from West 
to East. 

Angular Latitude and Longitude. When considering 
the subject of maps, it is useful to keep always in mind the 
fact that latitude and longitude represent not merely a system 
of lines symmetrically spaced on the earth’s surface, but rather 


Fig. 156,—Latitude. 


that they are essentially angular. Whilst the importance of 
this point may not be so apparent when using latitude and 
longitude simply to give a name to a certain point of the surface 
of the earth, a clear understanding of the first principles of 
the subject will be found essential in practical map projection, 
in the calculation of azimuths from astronomical observations, 
or even in working out Great Circle angles and distances. 
All the above subjects may enter into practical wireless direc- 
tion finding and are dealt with either in this or subsequent 
chapters. Fig. 156 and Fig. 157 show the relation between 
what are termed “‘ Angular’’ and “ Linear” Latitude and 
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Longitude. The parallels are numbered off from o° (the 
Equator) to 90°, which corresponds to the pole, and are termed 
North Latitude and South Latitude, according to the 
hemisphere. 

The meridian which passes through a special part of the 
Royal Observatory at Greenwich is taken as a basis for measure- 
ment of longitude .and is called the Prime Meridian. Ihe 
meridians are numbered off from 0° (Greenwich) to 180° East 
or 180° West, these latter meridians being coincident. 

Linear Latitude and the Nautical Mile. The nautical 
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Fig. 157.—-Longitude. 


mile at any place is the length of an arc of the meridian, in the 
vicinity of that place, which subtends an angle of I minute 
at the centre of curvature. Owing to the fact that the earth 
is not a true sphere, this distance varies slightly at different 
latitudes, being equal to 6,107°9 feet at the poles and 6,045°7 
feet at the equator. Assuming the earth to be a perfect sphere, 
the length of an arc of meridian subtending I minute at the 
centre is 6,077 feet, and the nearest round number has been 
taken as the Mean Nautical Mile, namely, 6,080 feet, or 
I'I52 times the Statute Mile of 5,280 feet. 
168 
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Linear Longitude and the Geographical Mile. Whilst 
the length of r minute of arc of meridian is seen to vary only 
very slightly in different latitudes, the length of 1 minute of 
arc of latitude (7.e., 1 minute of longitude) varies from nothing 
at the poles, where the meridians converge, to a maximum at 
the equator equal to 6,087'r feet, and this latter is known as a 
Geographical Mile. 

Positions on the Earth’s Surface. Referring again to 
Fig. 156, it is seen that a point on the earth’s surface which 
is in latitude say, 30° South, may be anywhere on a complete 
circle which lies one-third of the distance between the equator 
and the South Pole. On the other hand, since each meridian 
of longitude is seen in Fig. 157 to have a name, the state- 
ment that a point is in longitude 60° East of Greenwich, 
limits its position to somewhere on a semi-circle extending 
from the North to the South Pole, and lying one-sixth of the 
distance round the earth in an easterly direction from the 
meridian which passes through Greenwich. 

To fix the position of a point on the earth’s surface, then, 
it is only necessary to give the latitude North or South and the 
longitude East or West, since each meridian intersects each 
parallel once only. ; 

Great Circles. The Great Circle is the name given to 
any circle on the earth’s surface, the centre of which is at the 
centre of the earth. Another, and perhaps more strictly 
accurate definition, is that the Great Circle is the intersection 
of the earth’s surface with a plane which contains the earth’s 
centre. It will be seen that there may be an infinite number of 
Great Circles, and that they have the maximum possible 
diameter, which is the diameter of the earthitself. The equator 
is a Great Circle, since the equatorial plane contains the centre 
of the earth, although the remaining parallels are not Great 
Circles. All the meridians are semi-Great Circles but they are, 
however, special cases since they all pass through the poles. 

Fig. 158 shows a photograph of a globe with three Great 
Circles passing through London, and an important point to 
notice is that any Great Circle cuts successive meridians at 
different angles. For instance, the one which passes through 
Vancouver leaves London in roughly a north-westerly direc- 
tion ; just to the west of Greenland it is travelling due West 
and is again making an acute angle with the meridian at 
Vancouver. 

The difference between the angles of intersection with any 
two meridians is known as the Convergency, and is an im- 
portant factor in wireless direction finding work (see page 180). 
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Great Circle Distance. Just as in the case of the plane 
surface, where the shortest distance between two points is 
the straight line joining them, so on the surface of a sphere 
the shortest distance between two points, measured along the 
surface, is the arc of the Great Circle which passes through 
_them and is known as the Great Circle Distance. (See page 437 
for method of calculating Great Circle Distance.) 


Bige al 58.—Great Circles. Illustrating Convergency. 


Long and Short Great Circle Track. Electro-magnetic 
waves always travel radially outwards from the transmitting 
station and hence any given portion of the wave front always 
follows a Great Circle. path from transmitter to receiving | 
station. It does not follow a curved path except in as much 
as the earth’s surface is curved. Now since a Great Circle - 
passes completely round the earth it follows that there are 
always two paths, starting out in diametrically opposite 
directions, from any one point on the earth to any other point. 
It is very important to realise—and not perhaps very obvious 
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at first sight—that these two paths, the long and the short 
Great Circle path, are the only possible tracks which a wave 
can follow between transmitting station and recewer. ‘The section 
of the wave front which leaves the transmitter in any other 
direction simply passes round the earth along some other 
Great Circle and does not reach the receiver. Of course in the 
special case when the receiving station is at the Antipodes 
of the transmitter, that is to say, at exactly the opposite side 
of the earth, then all Great Circles from the one will pass through 
the other. 

Maps. Since the exact reproduction of the curved surface 
-of the earth to a large scale is not practical, it is usual to attempt 
to represent it in the form of a map or chart on a plane sur- 
face, but owing to the impossibility of reproducing accurately 
a curved surface on a plane, a certain amount of distortion is 
bound to take place. | 

There are about a dozen different types of maps in common 
use for atlases, surveys, charts, etc., but many times this 
number have been prepared for the sake of special properties 
or combinations of properties not possessed by any one of the 
others. There is no special object in detailing the names of 
all these different methods of map projection, and space 
certainly does not permit of a description of them, so we will 
pass on to a short inquiry into the process of wireless direction 
finding and try to find what conditions a map must satisfy 
in order to be of use for this work. 

The basic principle of wireless direction finding consists 
in the measurement, at a receiving station, of the angle between 
the direction of true North (i.e., the meridian through the 
place) and the direction of travel of the electro-magnetic waves 
which are arriving from a distant transmitting station. This 
angle is known as the True Bearing of the distant station, 
at the place, and is illustrated in Fig. 159. In some cases, 
particularly in the navigation of ships or aircraft by means 
of a direction finder installed in the vessel, it may be required 
to measure the angle between the directions of travel of waves 
from two distant transmitting stations, irrespective of their 
true bearings. In either cases the angle measured is that 
made by the intersection of Great Circles, and it is therefore 
necessary that the map on which the operation is reproduced 
must be of such a character that Great Circles appear as straight 
lines. Only when this is the case can the paths of electro- 
magnetic waves from transmitting to receiving station be 
quickly and accurately drawn and the angles measured by 
means of an ordinary protractor. 3 
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The Gnomonic Chart. A chart on which all Great Circles 
are represented as straight lines is known as Orthodromic. 
If, in addition to this property, the angles subtended at a certain 
point of the chart, by all other points on the chart, are correctly 
rendered (as they would be on a globe), the chart is said to be 
Azimuthal. This is sometimes incorrectly referred to as 
Zenithal, which has quite a different interpretation (see pages 
30 and 408). Another popular name for it is the Gnomonic 
projection, which, as has been pointed out by other writers 
(67) (130), doesnot seem to have any connection with the sub- 
ject whatever ; but since there appears to be a rooted objec- 
tion to calling the azimuthal projection by its correct title, 
the name gnomonic is probably as good as any other. 


\ 
\ 


Fig. 159.—True Bearing. 


There is an optical method of producing the azimuthal or 
gnomonic projection of the globe which, although not repre- 
senting the method by which the charts are prepared in prac- 
tice, yet has the advantage of giving a very clear conception 
of the properties of the chart. Suppose a light to be placed 
at the centre of a circular hoop as in Fig. 160, and suppose, 
further, that a flat surface be brought near to the hoop, or even 
made to touch it, forming a tangent plane. A shadow will be 
cast on this surface by the hoop, but, since the light is in the 
plane of the hoop, the shadow will be a straight line. The 
position of the hoop is of no consequence ; Fig. 161 shows it 
turned through an angle, and the shadow is still a straight line, 
making an angle with the former position equal to that through 
which the plane of the hoop has been turned. No matter what 
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the position of the hoop, the shadow thrown on a plane surface 
by a light at the centre will always be a straight line. 

Fig. 162 shows a transparent model globe of the earth, 
which has a light at the centre. On this globe are marked the 
lines of latitude and longitude, and if a tangent plane be 
applied at, say, the point O, then the shadows of all Great 
Circles, whether they pass through O or not, will appear as 
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Fig. 160.—Optical Principle of Gnomonic Projection, 


straight lines for the reasons given above in connection with 
the hoop. This means that alt the meridians of longitude will 
be straight lines, and if any random Great Circle be drawn 
_ through O, this will be projected on the tangent plane as a 
straight line O P and, what is more important, the angle between 
the Great Circle and the meridian through O is correctly 
reproduced in the shadow map. 


Fig. 161.—Optical Principle of Gnomonic Projection, 


The point O is known as the Point of Contact since it is 
the point where the surface of the globe and the tangent plane 
touch. This is the only point at which the angles of inter- 
section of Great Circles are correctly rendered, although the 
errors at other points, for instance, at the point X, are only 
of the order of a few minutes of arc in the comparatively small 
charts used for practical D.F. work. 
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ig. 163 shows the relative disposition of the tangent plane 
for a gnomonic chart extending over 25° of latitude and the 
portion of the globe which it represents. It. can easily be 
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Fig. 162,-Gnomonic Projection of Globe by Optical Means. 


shown that the distance L M is slightly greater than the corre- 
sponding distance J m on the globe, and that this discrepancy 
increases rapidly as the distance from the point of contact P 
increases. For this reason, the charts are not zenithal; that 


PARC PORCINE is to say, Great Circle distances 

P M between points on the chart can- 
ae my not be scaled off accurately, except 
4 28 LATITUDE. near the point of contact. A chart 


can be constructed which is both 


i azimuthal and zenithal (210). 
\ : It may be interesting at this 
\ af point to study the various forms 
; : which the charts will take when 
the point of contact is taken at 
different positions on the earth’s 
surface. Suppose, for instance, 
the point of contact to be taken at the pole. The meridians 
will then be straight lines, radiating from the point of contact, 
since they are actually Great Circles passing through the pole, 


and the parallels of latitude will appear as concentric circles 
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Fig. 163.—Zenithal Properties 
of Gnomonic Projection. . 
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_ In preparing aseries of charts, 


THE GNOMONIC GRATICULE 


about the pole. Again, if the point of contact be taken, say, 
in latitude 45° N., the chart will appear as in Fig. 204, and 
so on, the meridians becoming nearer and nearer to parallel 
straight lines as the point of contact gets further from the 
pole, until, when it reaches the equator, the meridians are 
parallel straight lines and the parallels are very flat curves, 
convex to the straight line through the point of contact. 

It will be seen that the meridian on which the point of 
contact is taken does not effect the appearance of the chart 
at all ; only the latitude of the point can do this. The result 
is that the chart which in Fig. 204 is seen to extend from 37° 


30’ to 52° 30’ north latitude, may be used for any part of the 


globe within this zone of latitude in the northern hemisphere, 
and if turned upside down 
could be used for the corre- 
sponding zone in the southern 
hemisphere. It is, therefore, 
a fairly simple matter to have 
a set of gnomonic charts 
available for any part of the 
globe. 

The Gnomonic Graticule. 
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each of which is suitable for 
a given belt of latitude, it s 
willclearly be an advantage MAA ITZ 196 
to have ne coast lines oh QQQRE ZZ a 
physical features whatever eae 
marked on the chart, and 

only the lines of latitude and 

longitude. Such a network of parallels and meridians is 
known as a Graticule, as distinct from a map or chart. 
(The more popular, if less strictly accurate name of “ chart ”’ 
will be used throughout the book, except where it might 
lead to confusions) As mentioned above, the gnomonic 
graticule is a function of the latitude only, and may be used 
in any longitude, and it is therefore usual to print only the 
values of the latitude and to leave the meridians blank, so 
that they may be given values later, depending on the part 
of the world in which the chart is to be used. 

Twenty-five Miles to the Inch Gnomonic Charts 
(Graticules). Such a series of gnomonic charts has been 
prepared by the Marconi Company for use in shore D.F. 
stations and also, if desired, for use in wireless navigation on 
ships.. (The method of construction of a gnomonic graticule 
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Fig. 164.—Tangent Planes of a Series 
of Gnomonic Projections. 
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is described on page 441.) There are twelve of these charts, 
and Fig. 164 shows the twelve tangent planes in their position 
on a globe, from which it will be seen that a chart is allotted 
to every 10° of latitude, the number of degrees of longitude 
depending on the latitude. The point of contact is taken at 
the centre of the tangent plane, but is not shown in the 
finished chart. The overlap of the charts, which is not 
shown in the figure, is 2° 30’ of latitude, both north and south, 
so that the total range of latitude is 15°. 
Particulars of the complete series are as follows : 


LIMITS OF LATITUDE. 


NAME. North. South. 
F 62° 30° N. 47°° 20 0N 
G B2° 30. INS 347° 30° N 
H ADA OLONT 27° 30' N 
J BO ROOGN: 17° 30’ N 
K 2930 Ne 47° 320’ N 

ut : : 12°20: 2 aa CS 
L (Reversed) 2. B0uNs 120309 
K 7 noe 22 ea 
J 173010 32° 305 
H AA sp AZo BOIS 
G BT BOWS 520g 
F AY” 30-0. 62; 3075 


Note that the charts for the southern hemisphete are ob- 
tained by reversing the corresponding charts of the northern 
hemisphere, the numbering of the latitude being arranged 
so that the figures in the eft hand margin always read the 
correct way up for the chart (see Fig. 183). The method of 
using the gnomonic graticule is described on page 200. 

The Retro-Azimuthal Chart. There is another one of 
the family of map projections to which the name gnomonic 
or azimuthal projections belongs, which is worthy of note, 
though it is not proposed to deal with it at any great length. 
We saw that the gnomonic projection had the property of 
rendering all Great Circles as straight lines, and the correct 
azimuths of all points on the chart from a certain point which 
was called the “ point of contact.’’ It is possible to produce 
such a projection that the azimuths of either one or two 
certain points on the chart from all other points are rendered 
correctly, but the chart is not orthodromic. The names given 
to this type of chart are Retro-Azimuthal and Bi-Retro- 
Azimuthal respectively, depending on whether the chart 
is retro-azimuthal with respect to one or two points. The 
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projection has great possibilities in connection with naviga- 
tion over long distances between high power wireless stations. 

The Orthomorphic Cylindrical Projection or Mer- 
cator’s Projection. In the foregoing remarks on the 
selection of a chart for direction finding, no allusion has been 
made to the Mercator’s chart, which is probably one of the 
most familiar methods of re- 
presenting the earth (with the 
exception of the polar regionts), 
on a single sheet, and which is 
almost universally used for nauti- 
cal charts. 

This map is one of aclass called 
“ cylindrical projections,’ and it 
is possible to obtain a fairly clear 
conception of some of its proper- 
ties by considering the method 
in which a type of cylindrical 
projection may be obtained by 
the optical method, making use 
of the transparent globe with a 
light at the centre. 

Reverting to Fig. 162, we saw 
that if the tangent plane were 
made to touch the globe on the 
equator, the meridians were all 
projected as straight lines and 
the parallels were curves, convex 
to the equator. Suppose, now, 
that the surface on which the 
projections have been made, and 
which hitherto has been assumed 
to be a plane, be bent into the 
form of a cylinder, making line 
contact with the surface of the 
globe, along the equator. An 
investigation of Fig. 165 and a 
few moments consideration will 
indicate that, whilst the meridians are still projected as 
straight lines, the parallels of latitude are now projected as 
parallel circles. The distance between successive parallels 
on the cylinder is seen steadily to increase with the distance 
from the equator, and it is not possible to reproduce the 
polar regions, since the pole itself will be at an infinite 
distance. 
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Fig. 165.—Cylindrical Projection 
of Globe. 
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lf this cylinder be now opened out, we have a chart similar 
to that shown in Fig. 166, and which suffers from several 
disadvantages. In the first place, the only part of the map 
at which the scales of latitude and longitude are the same 
is along the equator. It is clear that the scale of longitude 
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Fig. 166.—Development of Cylindrical Projection of Fig. 165. 


must increase as we approach the pole, since the meridians 
are parallel in this map, whilst actually we know they converge 
towards the pole. In the same way the scale of latitude is 
rapidly increasing as we move away from the equator, since 
the poles are at an infinite distance from the equator on the 
: map. These two scales are 
also increasing at different 
rates, with the result that 
at any point on the map a 
distance of, say, ten miles, 
measured east and west, and 
a similar distance measured 
north and south, are re- 
presented on the map by 
quite different lengths; so 
that if the projection were 
used for a map of the world, 
all the countries would be 
grossly distorted in shape, 
and even the smallest angle or 
bearing, as measured on the 
map, would be incorrect. 


Fig. 167.—Great Circle on Globe. 
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DISTANCE ON A MERCATOR’S CHART 


The cylindrical projection shown in Fig. 166 is therefore 
modified in such a manner that at any given point the scale of 
latitude and longitude is the same (though the scale varies 
with the latitude), the chart becoming what is known as 
Orthomorphic, or capable of representing small areas in their 
correct shape, and this is the Mercator’s Projection. 

Distances on a Mercator’s Chart. Since the scale of 
both latitude and longitude varies with the latitude it is not 
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Fig. 168.—Great Circle on Gnomonic Chart. 


possible to use any fixed scale in the measurement of distances 
between, places unless they lie on the same parallel. On all 
nautical charts, however, the latitude is marked in the margin 
on both sides of the chart, the degrees being sub-divided into 
minutes of linear latitude which, it will be remembered, cor- 
respond to nautical miles. It is thus only necessary to set a 
pair of dividers to the distance on the chart to be measured, 
and use as a scale that portion of the marginal latitude scale 
which most nearly coincides with the latitudes of the points 
under consideration. 
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Comparison of Properties of Gnomonic and Mer- 
cator’s Charts. In Fig. 167 is shown the globe, which is 
the only “map” which retains all the geometrical properties 
of the earth itself. A portion of this sphere is lined in from 
20° East to 20° West longitude and from 20° to 50° North 
latitude. Two points on the surface are shown at A and B, 
which have positions respectively 15° W., 25° N. and 15° E., 45° 
N. Fig. 168 and Fig. 169 show the same portion of the earth's 
surface on the gnomonic and Mercator’s charts, and the 
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Fig. 169.—Discrepancy between Great Circle Bearing and Mercatorial or 
Rhumb Line Bearing. 
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following comparison of the three “‘ maps ”’ will illustrate the 
characteristics of the last two, as compared with the first. 

Suppose a Great Circle to be drawn from A to B; on the 
globe this will appear to be a curve, owing to the perspective 
of the drawing, though we know that actually it is the shortest 
distance along the surface from A to B. On the gnomonic 
chart it is a straight line, and we notice that, as we have already 
found, it cuts successive meridians at different angles, just 
as it does on the globe. _ 

There is no simple way of drawing a Great Circle on a Mer- 
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cator’s chart, and the easiest way in this case will be to plot 
off on the Mercator’s chart, the points on the gnomonic chart 
or the globe, where the Great Circle cuts the meridians. If 
this be done, the resulting Great Circle will be as shown in 
Fig. 169, namely, a curved line which is the concave to the 
equator. A method of drawing Great Circles on a Mercator’s 
chart when a gnomonic chart is not available is given on 
page 441. 

The angles at which this line cuts respective meridians will 
be found to be the same as in the other two figures, but owing 
to the meridians on the Mercator’s chart being parallel, the 
- Great Circle must of necessity appear curved. 

Consider, now, what would be the result of using a Mercator’s 
chart for long distance direction finding work. Suppose that 
in Fig. 169, A represents the position of a D.F. station and B 
that of a transmitting station about 2,000 miles distant. The 
path of the wave from B to A will be along the Great Circle, 
_and the apparent direction from which it is arriving at A will 
be along the tangent to the Great Circle at A, which is the line 
AC. Onthe map, the direction of the transmitting station 
is along the line A B, the error being seven or eight degrees, 
and the line A C passing B at a distance of about 250 miles. 

The angle C A B is equal to one half of the difference between 
the angles of intersection of the Great Circle with the meridians 
through A and B, and is called the Half-Convergency. 

Rhumb Line. Any line which cuts successive meridians 
at the same angle is called a rhumb line, and since, in the 
Mercator’s chart, the meridians are parallel straight lines, 
the rhumb lines are also straight lines. 

The equator is a rhumb line, since it cuts all meridians at 
right angles, but it is a special case in that it is also a Great 
Circle. The rhumb line track is one usually adopted by 
ships when the voyage is short or when time is not of para- 
mount importance, since it involves less trouble in ascertaining 
the correct course on which to set the ship. If the Great 
Circle track be followed, the course will have to be constantly 
changing, since the bearing of true north varies at every point 
of a Great Circle, unless it be a meridian or the equator. The 
dotted line in Fig. 169 shows the rhumb line track, and similarly 
in Fig. 168, where, owing to the fact that the meridians are not 
parallel, it appears as a curve, which in fact it is on the surface 
of the earth, in every case except when the two extremities 
of the line lie either on the same meridian or on the equator. 
The angle at A between the meridian of the place and the 
rhumb line is called the Rhumb Line Bearing of B from A. 
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The World on Mercator’s Projection. Fig. 170 shows 
the world, between the limits of latitude 80° N. and 80" 
on the Mercator’s projection and with the same three Great 
Circles which were drawn in Fig. 158. This illustrates very 
well the extreme distortion which results from this type of 
projection. Vancouver here appears to be due West of 
London although actually it bears nearly North West. 
Similarly the Great Circle shows that Jamaica 1s due West 
and Madras due East of London and on almost the same 
bearing from London as Perth in Western Australia. Hono- 
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Fig. 170.—The World on Mercator’s Projection. 


lulu is in latitude. 30° South of London, but its direction from 
London is approximately the same as that of Glasgow. 

These apparent anomalies can be observed and much other 
interesting information gained from an inspection of a globe, 
a small model of which costs only a few shillings. | 

Note that on Fig. 170 the Great Circles all converge on the 
Antipodes of London, namely Latitude 51° 30’ South and 
Longitude 180°. 

Limitations of the Mercator’s Chart for D.F. Work. 
For distances between receiving and transmitting stations 
up to about 100 miles, the rhumb line and Great Circle lie 
fairly close to one another, and a Mercator’s chart may be 
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used for D.F. work with only comparatively small errors. 
With increasing distance between the stations the discrepancy 
rapidly increases, and for accurate work a gnomonic chart 
must be used, unless a correction for half-convergency be 
applied to the apparent bearings found from the Mercator’s 
chart. 7 

For shore work, gnomonic charts will usually be available 
for long range working, but the inconvenience of carrying this 
type of chart at sea to suit the variety of latitudes in which 
the vessel may be, during a long voyage, together with the 
unreliability of night bearings over greater distances, has 
‘resulted in a tendency for ship’s navigators to rely on short 
range D.F. bearings of roo miles or less, in which case they 
are able to use the standard nautical charts. 

Correction of Azimuthal Errors in Mercator’s Chart. 
If, for any reason, a long range station is used, either for 
calibrating or navigating purposes, when a gnomonic chart 
is not available, a correction for half-convergency may be 
applied. In the first case it may be applied to the rhumb line 
bearing, as read off from the Mercator’s chart, in order to 
convert it to the Great Circle bearing, as observed on the D.F. 
In the second case of a bearing taken, say, by aship D.F., of a 
distant transmitting station, the correction may be applied 
to the observed bearing in order to find the rhumb line bearing, 
so that the latter may be laid off on the Mercator’s chart and 
‘used in order to find the ship’s position by methods which will 
be explained in Chapter 7. | 

A simple formula exists for calculating the half-convergency 
and gives results which are accurate to within Io’ of arc at 
distances between the transmitting and receiving stations of 
1,200 miles : 


Male Con: Difference of Longitude} Sine of the Middle | 
au-on= _ 1) between transmitting; x { Latitude between - 
vereency, and receiving stations. | the stations. 


The half-convergency is zero when either of these factors 
vanish, and this is clearly correct when the difference of 
longitude between the stations is zero, since when this is the 
case the stations must both lie on the same meridian, which is, 
of course, a Great Circle. When the middle latitude is zero 
(equator), there still remains a slight amount of convergency 
which, however, may be neglected in all practical cases. The 
Mercator’s chart might be expected to be azimuthal in the 
neighbourhood of the equator, as it will be remembered that in 
the optical method of producing the cylindrical projection, 
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from which this chart is developed, line contact with the globe 


occurred along the equator. ; 
Sign of the Half-Convergency. The sign of the correc- 
tion, that is to say, whether it must be added or subtracted, 
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TRANSMITTING 
STATION 
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Fig. 171.—Sign of Half-Convergency. 


will depend on the relative positions of the two stations and 
also on whether it is required to convert rhumb line bearing 
to Great Circle bearing or vice versa. Bearing in mind that 
the Great Circle is always concave towards the equator, we 
can draw a series of diagrams which illustrate how the varying 
positions of the stations affects the sign of the half-convergency 
(Fig. 171), and tabulate the results as follows : 


meee, | TERRES | Gurctete convert | Ling! to" eonver 
(a2) | North | West of D.F. Subtract Add 
(5) | North East Add | Subtract 
(c) | South | West ? Add | Subtract 
(dq) | South | East Subtract | Add 


NotEe.—All bearings to be expressed in degrees east of north 
before applying the correction. | 

Examples are given in the application of this correction 
in Chapter 7, both in the case of the calibration of a shore 
D.F. station and also in ship navigation. 
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TO BE USED WITH MERCATOR’S CHARTS FOR THE CONVERSION OF GREAT 


CIRCLE BEARINGS TO RHUMB LINE BEARINGS AND VICE VERSA 


HALF CONVERGENCY 


DIFFERENCE OF LONGITUDE 


MIDDLE LATITUDE 


DIFFERENCE OF LONGITUDE 


EXAMPLE OF THE USE OF THE DIAGRAM. 


20° 


To find the Half-Convergency in respect of two places, the Difference of Longitude of which 
is 4° 55' and the Mid-Latitude 46° 14', place a piece of stretched cotton or a straight edge, as 
shown, so as to intersect the outer scales at the given points and read off the Half-Convergency, 


1° 45', on the centre scale. (For other information see text, pages 183, 202, 222.) 
Fig, 172.—Half Convergency Alignment Diagram. 
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Half- Convergency Diagram. In order to obviate the 
necessity of arithmetic in connection with the use of the above 
formula when a number of values of half-convergency are 
required, an alignment chart has been constructed by the 
author and is reproduced, together with instructions for its 
use in Fig. 172. 

The Line of Bearing. It was seen in Fig. 169 that when 
using the Mercator’s chart for D.F. work over large distances, 
the apparent direction of a transmitting station B from the 


a 
EEELELABEESELS | 
EEC PETES EE SammDED ed sc 
SERHDERSERR HEI BRPZSGERRo 0. 
ea RARBBEk 


PRA RRRRE 
POEL 
BERD M Mme Wy 
MMM NBER SE 
BRRURMAGRRE RE: 
CCL CEE EE Ey 
DARA 
PCE 
Bee CCR 
RHRRMGSZAndnenweiew 
BERRGHRREM cuba we 
SERB OBES” 9400000000000 00 008 


Fig. 173.—-Change in True Bearing as A approached B along 
Great Circle. 


D.F. station at A was, in the majority of cases, entirely wrong. 
Referring now to Fig. 173 with the Great Circle through A and 
B shown as a full line, and the rhumb line as a broken line, 
suppose that whilst the rhumb line bearing of B from A is 
503° East of North, the angle of arrival of the Wireless signals 
along the Great Circle makes it appear to be 43°, 7.e., along the 
tangent A C to the Great Circle. 

If successive points be taken along the Great Circle at Ax, 
Az, etc. (Fig. 173), indicating the position of the receiving D.F. 
station as it approaches B along a Great Circle course, the 
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angle which the Great Circle makes with the meridian at the 
points A;, Az, etc., will increase steadily until it reaches B. 
Now suppose that Fig. 174 represents the same’ process, 
except that A approaches B along the rhumb line. Again 
we see that the bearing of B from successive positions of A 
steadily increases, although to a less extent than before. 
There must, however, be some such line that if A approach B 
along this course, the angle between the tangent to the Great 
Circle and the meridian at the point will be constant, and Fig. 
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Fig. 174.—-Change in True Bearing as A approaches B along 
Rhumb Line. 


175 shows the path of such a line. An inspection of this 
diagram will show that at every point along the line Jepidee 
Ab, the bearing of B is constant and equal to 43°, and this 
line is called a “line of constant bearing,’’ or simply a line 
of bearing. 

For short distances between the points A and B, the line of 
bearing and the Great Circle lie symmetrically on either side of 
the rhumb line, so that the angle of intersection of these curves 
is equal to the convergency between A and B. 

The lines of bearing of any point, if completed, are found 
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to converge on the pole, the line B A having been drawn in full 
in Fig. 176. 

If lines of bearing were marked on a Mercator’s chart for 
50 
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Fig. 175.—Line of Constant. Bearing. 


every degree, in connection with a number of high power 
wireless transmitting  sta- 
tions, such a chart at once 
assumes important proper- 
ties, from the point of view 
of wireless navigation by the 
D.F., which are lacking on 
the ordinary Mercator’s 
chart, and to which refer- 
ence will be made in the next 
Chapter (page 206). 

It will be seen that this 
type of map, on which navi- 
gation is achieved by making 
use of lines of bearing on two 
or more wireless transmitting 
Fig. 176.—43° Line of Bearing with stations, is very much akin 

Respect to B. to the retroazimuthal type 
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already mentioned. The latter has the advantage that the 
lines of bearing are straight, but on the other hand the 
chart has to be specially drawn for the district, and is 
only correct for two points. The Mercator’s chart has the 
disadvantage that lines of bearing are curves, which have 
to be carefully plotted by a rather laborious process, but 
against this are the advantages that Mercator’s charts are 
almost universally procurable, and the lines of bearing may be 
drawn for as many stations as required. A method of 
_ plotting lines of bearing is described by D. Gernez (265). 

British Ordnance Survey Maps. In Chapter 14, when 
describing the geographical method of obtaining the direction 
of the meridian through a shore D.F. station, the use of an 
Ordnance Survey is involved, and a few notes on this series 
of maps may be of interest. We saw that the Mercator’s 
chart was not a true projection in that the scale of latitude was 
subsequently modified in order to make the chart orthomorphic. 
The method of construction used for the six-inch Ordnance 
Survey maps of the British Isles is still less amenable to simple 
illustration, being chiefly a mathematical process. The 
properties of the maps are, however, important. The small 
sectional maps of the “ six-inch survey’ are really all parts 
of one huge map which extends over the whole area of the 
survey, so that it follows that adjacent sections may be joined 
together accurately. There are some slight disadvantages 
in the use of “ Projection by Rectangular Co-ordinates,’ 
which is employed in this survey ; one of these being that the 
scale in a North and South direction is not strictly accurate in 
certain parts of the map, but owing to the relatively small 
distances involved, this defect is not very apparent. A further 
defect is that the meridians are not straight lines, but are 
curves of very large radius, and although the curvature is 
scarcely noticeable, this characteristic is indirectly responsible 
for many errors being made in the use of maps. Since the 
whole survey is divided up into sectional maps, which are 
rectangular in shape, it follows that, owing to the curvature 
of the meridians they are only in rare cases parallel to the 
edges of the sectional maps, and the discrepancy may be as 
much as 4° (67). When using the survey maps to obtain 
the direction of the meridian (page 415), care should always 
be taken to make use of the scale of longitude, which is marked 
along the upper and lower margins, and not to assume that 
the meridian is parallel to the edge of the sheet. 
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POSITION FINDING AND WIRELESS NAVIGATION 


It has already been seen in Chapter r how a wireless station 
can be located by means of the direction finder, the exact 
position of the station being at the intersection of two or more 
lines, the direction of which were found by wireless means. It 
is now proposed to inquire a little more deeply into the problem 
of wireless navigation. 

Although the station, the position of which it is desired 
to find, may be either a ship, aircraft or mobile land station, it 
will, for the sake of simplicity, be referred to as “ the ship ”’ 
unless some special point in connection with an aircraft or 
shore station is being considered. 

Methods of eee finding may be divided into three main 
classes : 


(x) The ship is fitted with ordinary wireless transmitting 
and receiving apparatus, bearings being taken by shore 
direction finding stations which thereby locate her position 
and communicate it to her by wireless. 

(2) The ship is fitted with her own direction finding 
apparatus and it is thus possible to find her position without 
the aid of special wireless communication, by means of 
bearings taken of shore transmitting stations, the positions 
of which are known. 

(3) The ship has ordinary wireless transmitting and 
receiving apparatus and finds her bearings by listening 
to shore beacon transmitting stations having rotating 
directive polar diagrams of transmission. ~ 


The directive receiver is, at present, in more common use 
and the relative merits of classes (1) and (2) are discussed below. 
The rotating beacon method of position finding has a good deal 
in common, from a navigational point of view, with class (1) 
and some notes on the subject will be found on page 204. 
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Ship D.F. versus Shore D.F. for Wireless Navigation. 
Whilst the shore D.F. station has a number of important 
advantages over the ship D.F. the balance of expert opinion 
appears to be in favour of the apparatus being installed in the 
ship (206), some of the reasons being as follows : 


(a) With the D.F. in the ship, a bearing may be taken 
of any transmitting station, shore, light-ship or any other 
vessel ; in other words, every wireless station becomes a 
beacon. It must be remembered, however, that whilst 
every shore D.F. station is carefully calibrated over the 
whole of its working sector, transmitting stations may, 
unknown to those responsible for them, have sectors in 
which their wave front or wave polarisation is so dis- 
torted as to give inaccurate bearings (page 255). 

(0) The ship’s navigator may prefer to have the bearings 

_ taken by someone he knows and in whom he has confidence, 
rather than by persons who are not under his control. 
This applies more particularly to the periods when the ship 
is abroad. On the other hand, the shore D.F. operator 
is taking bearings frequently and should therefore be very 
efficient. 

(c) During thick weather, any number of ships are able 
to find their positions from a series of beacons or shore 
transmitting stations simultaneously, without any inter- 
ference, whilst the shore D.F., in foggy weather, is working 
continuously and is therefore causing and experiencing 
much jamming due to the large number of ships request- 
ing bearings. 

(d) During fog, the ship D.F. is valuable for preventing 
collisions (page 210). 

(e) A ship in distress, whose wireless transmitter is still 
in working order, can be found without fail and in the 
shortest possible time by a ship with a D.F. Similarly 
a ship in distress having a D.F. can direct other ships what 
course to take to find her (page 220). 

(f) In a ship, there is very little chance of error, apart 
from the difficulty of getting first class bearings during 
bad weather. In the case of bearings or positions trans- 
mitted to the ship from a shore station, there is always 
the possibility of a mistake in transmission or reception 
by W.T. and in some cases there is also a land line 
transmission from the shore D.F. station to the con- 
trolling transmitting station. 

(g) In time of war, the ship D.F. has the advantage of 
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being able to take bearings without betraying her position 
to enemy ships. | 

(h) The use of the ship’s D.F. for directional reception 
and the elimination of interference greatly facilitates the 
handling of traffic in crowded areas. 


POSITION FINDING BY SHORE D.F. STATIONS 


Case 1. Position Line by Means of One Shore D.F. 
Station. Let Fig. 177. 
represent an imaginary 
coast line with a port at 
P, a bay with islands 
at-X dnd Y, and alee 
station at some point 
A, which has been cali- 
brated so as to read 
the bearings of in- 
coming signals in de- 
grees east. ol | # tiie 
North. 

Suppose O to be a 
ship which is either 
coasting or making for 
the port P, and that, 
owing to fog or other 
reasons, she decides to 
obtain her bearing from 
the D.F. station at A, 
the position of which 
is known to her. The 
exact wireless  pro- 
cedure to be adopted 
will depend upon the 

“ee country, but the opera- 

Fig. 177.—Position Line from Single tions involved may be 
chores outlined as follows : 

Having attracted the 

attention of the D.F. station, the ship will be told to trans- 

mit for a period of about one and a half minutes, and since 

medium strength clear signals are required for accurate work, 

care should be taken to keep the note and strength as steady 

as possible and not to use too great a power. During this time 

A obtains the direction of the incoming signals, and we will 

suppose this to be 80° east of North, which means that if a 
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straight line be drawn through A, as shown in Fig. 177, 
making an angle of 80° east of the meridian through A, then 
the ship which is transmitting must lie somewhere on that 
line. What actually occurs is that the telegraphist at the 
D.F. station, having ascertained this angle or bearing, transmits 
the result to the ship, and the navigating officer of the ship 
_ himself plots out the line Q R on his chart. This line is called 
a position line and is the only information which can be 
obtained from a single D.F. station. 

If the distance of the ship from A is known to be a few - 
miles only, an ordinary nautical chart may be used for plotting 
‘the position line, but for distances greater than 100 miles or 
so a correction for convergency must be applied in the case of 
a Mercator’s chart, or else a gnomonic chart must be used, if 
the position line is to be accurate. The convergency correction 
involves a knowledge of the approximate position of the ship, 
and the alternative is to carry in the ship special gnomonic 
charts or graticules for all latitudes in which it is anticipated 
that wireless bearings may be wanted. As a rule, the approx- 
imate position of the ship will be known to within a few miles, 
thus enabling the nautical chart to be used. A set of gnomonic 
graticules, however, such as those described in Chapter 6, 
would prove useful in an emergency when the ship has been 
sailing by “ dead reckoning’’ for a considerable time, ina 
part of the world where the tides and currents are variable. 

As a general rule, however, bearings are not taken over 
great distances, and the ordinary Mercator’s chart, with 
uncorrected bearings, would be quite satisfactory for use in 
making a port or coasting within a few miles of the shore. As 
the ship nears land, and hence runs greater chances of getting 
into danger, she will usually also get nearer to the D.F. station, 
with corresponding increase in the accuracy of the bearings as 
measured on an ordinary nautical chart, as the convergéency 
becomes negligible. 

Case 2. Cross Bearings by Means of Two Shore D.F. 
Stations. In Fig. 178, the ship O is again approaching 
the port P and, we will assume, has obtained a position line 
OQ R as before, from the station A. Suppose now, a second 
D.F. station be placed at B, then by adopting the same pro- 
cedure as before, a second position line T S will be obtained, 
corresponding to the bearing of, say, 170°. 

The procedure in this case would be much the same as 
before, except that it would be necessary to include the call 
signs of both D.F. stations, and also to ensure that both 
stations~took their bearings at the same time. (Allowance 
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can be made for any discrepancy in this respect, when using 
the ship D.F. (page 225).) Immediately after sending the 
arranged signals for the purpose of taking bearings, the ship 
would stand by for the bearings from the two D.F. stations, 
which would be transmitted in the form of a number repre- 
senting the bearing of the ship east of North from the station 
in each case. These results would enable the two position 
lines QO R and T S$ to be 
plotted on the chart, and 
the position of the ship 
would therefore be found 
by their intersection. 
This is called a Fix. 

Case 3. <A Fix by 
Means of Two Associ- 
ated Shore D.F. Sta- 
tions. If, instead of be- 
ing independent stations, 
A and B are in communi- 
cation with one another 
by means of wireless— 
or, better still, by land 
wire telegraphy or tele- 
phony, in order to re- 
duce the amount of wire- 
less transmission — the 
work of laying off the 
two position lines may 
be done ashore, and the 
_ resulting fix transmitted 
to the ship in the form 
of a latitude and longi- 

~. tude or else a_ bearing 

Fig. 178.—Fix from Two Shore D.F. and. distance rome 

Stations. given object, such as a 

buoy, lightship, or well- 

known part of the coast. On the assumption in Fig. 178 

that the station A is a controlling station, and that B is a 

second D.F. station working in conjunction with A, it is not_ 

necessary to know the positions of the two stations, but only 
the call sign of the controlling station A. 

Accuracy. The primary claim for wireless navigation is 
that it is an emergency method of finding the ship’s position 
when, through some cause or another, other methods partially 
or totally fail. Intelligently used, the wireless direction finder 
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will give good results, and large errors need not be an- 
ticipated ; however, ‘‘ forewarned is forearmed,’ and _ it 
will be of interest to inspect the degree of accuracy which 
can be expected in a scheme such as that illustrated in 
Fig. 178. 

Some idea of the possible discrepancies is given in Fig. 179, 
between the real position of the ship and that given by a D.F. 
with an error in the taking of the bearing of 1° either side of 
the true value. A small 
quadrilateral has been 
shown black at the 
position O, and this re- 
presents the area of 
doubt. 

In Fig. 180 the port 
P is shown on a map 
drawn to a smaller scale, 
so that the accuracy of 
the D.F. fix may be in 
vestigated when the ship 
is at a considerable dis- 
tance from the stations. 
The smallest areas are 
seen to be when the 
position lines from A 
and B intersect at right 
angles, as at O,;. As 
the angle of intersection 
becomes more acute, due 
to the increasing dis- 
tance of the ship from 
the stations, as at O; 
and Qs, or else due to 
its approaching a posi- 
tion on a line passing Fig. 179.—Degree of Accuracy of 
through the stations, Wireless Fix. 

the area of doubt in- 

creases until, when the ship is at some position O,, she may 
be said to be beyond the range of accurate position finding by 
means of the stations A and B alone. 

In fog, however, it would be very useful to be able 
to Bias the ship within an area even as large as that 
at.Q,. ) 

Case 4. A Fix by Means of Three Associated Shore 
D.F. Stations. Suppose, now, that the case illustrated in 
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Fig. 180 be modified by the addition of a third station at C,as 
in Fig. 181. The field of accurate workis now greatly increased, 
since it becomes possible to get position lines from C to intersect 
those from A and B at such places as O; and O,, the reduction 
in area of the quadrilateral at O, being particularly noticeable. 
In practice it 1s Seabee ce to use three or more D.F. stations in 
et an important area, SO 
as to give ample checks, 
one on the other, and 
also to give the increased 
accuracy which has 
just been noticed. Dur- 
ing the European War 
it was common practice 
to use four D.F. stations 
on each area in order 
that reliable “snap” 
bearings might be taken 
with the minimum 
chance of error (154). 
This third station at 
-C will be under the 
control of A, and in this 
case will presumably 
communicate « readings 
by wireless means un- 
less a land wire can be 
run by some circuitous 
route. 

The procedure, so far 
as the ship is concerned, 
will be the same as for 
the two associated D.F. 
stations already  -de- 
scribed in Case 3, anda 
slight modification only 
is necessary in the rout- 

| ine of the control station. 
General Procedure. The exact procedure to be followed, 
when obtaining bearings from shore direction finding stations, 
varies slightly for different countries and each country publishes 
regulations governing the use of its own D.F. stations. These 
regulations appear in the form of “‘ Notices to Mariners,’ pub- 
lished by the British Admiralty ; the Department of Marine, 
Canada; the U.S. Navy Department, etc. 
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Fig. 180.—Variation in Accuracy of Wire- 
less Fix with Relative Position of Ship 
and D.F. Stations. 
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A good deal of information regarding Shore, Ship and Air- 
craft D.F. station procedure is to be found in “‘ The Admiralty 
List of Wireless Signals,’’* together with details of the principal 
Shore D.F. stations of the world. 

Laying off Position Lines. (The ‘‘Cocked Hat.’’) 
When three D.F. stations are operating on.an area and the 
peties’ O14 beatings: ‘has)</)) 
been received at the 
control station, it will ee \\ y/ ‘ 
frequently be found, on o 
laying off the position 
lines on the chart, that 
they do not intersect at 
one point but form a 
small triangle as shown 
in big. 182. This may 
be due to various causes 
as follows : 


(1) Carelessness in 
taking bearings. 


(2) Errors inherent 
in apparatus or due to 
inaccurate calibration 
of the D.F. 


(3) Night effect or 
coast refraction. 


(4) Discrepancy be- 
tween great circle and 
rhumb line bearings 
when using Mercator’s 
chart. 

(5) Bearings not lone 
taken simultaneously “is 
by all stations owing Fig. 181.—Increase in Accuracy of Wireless 
to misunderstanding Fix due to Third D.F. 
and the ship having 
covered a considerable distance in the interim. 


The triangle thus formed is referred to as a “‘ cocked hat,”’ 
and it is usual, unless the cause is known and can be allowed 
for, to assume that the position of the ship is at the centre 
of the triangular area (241). 

* Published by H.M. Stationery Office. 
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A very rapid method of obtaining a fix at the control station 
is by having a large scale map on which each D.F. station is 
shown and. has, in addition, its own protractor drawn round 
it. At the position of each station a pin is inserted, to which 
is attached a length of black thread and at the extremity of 
which is a push-pin of the pattern used for photography. 

Directly the bearing of the ship is taken at the control 
station, it is recorded on the map by means of the thread 
which is held in position by the pins at either end, and as the 
bearings taken by the other stations are received at the control, 


Fig. 182.—A Method of Plotting, at a Control Station, a Wireless Fix 
from Three D.F. Stations. 


they are also plotted in a similar way. The common inter- 
section—or the centre of the ‘“‘ cocked hat,”’ as the case may 
be, is then read off, logged and transmitted to the ship, and 
it may be also recorded. on the map, if required for future 
reference, or in order to See at a glance the course which is 
being taken by the ship or aircraft. 

This method of laying off position lines, in addition to being 
very rapid, does not result in the map becoming covered with 
pencil lines. 

Fig. 182 shows the process being carried out, using an 
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Admiralty chart.* It has been supposed, as an example, that 
D.F. stations have been erected at Cape Point, Cape Hangklip 
and Danger Point, and that a fix is being plotted at the 
control station. At the instant represented in the photograph, 
the bearings found by the first two D.F. stations have been 
laid off, and the “‘ Danger Point” thread is being adjusted to 
the angle reported by that station, the intersection resulting 
in a “ cocked hat.”’ . 

For the sake of clearness in the illustration, the protractors 
have been drawn comparatively small, but in practice it is 
usual to make them as large as the map will allow, or even 
‘to put suitable scales along the margin of the chart, thus 
adding considerably to the accuracy with which the thread 
may be manipulated. In such cases thescales of the various 
stations may be drawn in different colours in order to avoid 
confusion where the scales intersect or overlap one another. 

Practical Use of Charts on Shore D.F. Stations. The 
type of chart used on any shore station will depend largely on 
the conditions under which the station is working. If the 
station be for accurate observations of an experimental nature, 
a special gnomonic chart will probably be employed which has 
its point of contact at the station. Such a chart would not 
be possible in the case of a number of associated D.F. stations, 
as in cases 3 and 4 above, since the point of contact could not 
be at all the stations. Actually, it is possible to draw a chart 
which gives correct azimuths from two points, but only in 
rare cases would such a chart be considered worth constructing, 
and the case of three or four D.F. stations is ruled out. Here, 
if greater accuracy is desired than could be obtained with the 
Mercator’s chart, a gnomonic chart would be chosen which 
had its point of contact as near to all the stations as 
possible. : 

A common use of the gnomonic graticule is in taking check 
bearings during the calibration of a shore station. The 
bearings are required to be known with as much accuracy as 
possible and yet, owing to the large number of transmitting 
stations within range—any of which may or may not be 
transmitting when required—it would be a tedious task to 
calculate all the great circle bearings. This is particularly the 
case when the D.F. station is a temporary one. In the case 
of a permanent station, the bearings of all transmitting stations 
in range should always be known accurately and, after the 


* Chart No. 2082 is here reproduced by kind permission of the Lords 
Commissioners of the Admiralty, Whitehall, London. 


190 


WIRELESS DIRECTION FINDING 
station is opened and working, will serve as a usefu] check on 
the presence of ‘‘ night effect’ and other freak conditions. 


PRACTICAL EXAMPLES OF THE USE OF GNO- 
MONIC AND MERCATOR’S CHARTS IN THE 
CALIBRATION OF A D.F. STATION 


Suppose that it had been decided to erect a D.F. station in 
the neighbourhood of the Hook of Holland for the purpose 


awe 
A] 


Fig. 183.—-Use of the Gnomonic Graticule in Obtaining True Bearings of 
Transmitting Stations from a D.F. Station. 


of aiding the navigation of ships or aircraft crossing the North — 
Sea. A suitable site having been chosen, the position of which 
is, say, lat. 52° N., long. 4° 08’ E., the station is erected and 
the apparatus installed, and it is then desired to take check 
bearings on transmitting stations in as many directions as 
possible for the purpose of calibrating the station. . 
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A glance at a wireless map of Europe will show that there 
is a very large number of transmitting stations available for 
checking purposes within range of a D.F. station in Holland, 
and the simplest method of finding the true bearings of all 
these stations would be by means of a gnomonic graticule, 
which will enable the observed and true bearings to be compared 
in a fraction of the time taken to calculate the true bearings. 


Choice of Gnomonic Chart (Graticule). Bearing in 
mind that the latitude of the D.F. station should correspond 
as closely as possible with that of the point of contact of the 
_chart, we see that chart F of the 25 miles to the inch series 
(page 176) will meet the case. This chart, which extends 
from lat. 47° 30’ to 62° 30’ N., includes about 26 degrees of 
longitude and has its point of contact in latitude 55° N.. 
which is within 3° of the D.F. station site. 


Locating the D.F. and Transmitting Stations on the 
Chart. The charts as supplied have the parallels of latitude 
numbered off, but the meridians are left blank (page 175) and 
the meridian of the point of contact should be given the value 
of the meridian nearest to the D.F. station. In this case the 
longitude of the D.F. is 4° 08’ E. and so the centre meridian 
of the chart is called 4° E. and the remainder numbered off 
accordingly, as shown in Fig. 183. (The charts when used in 
the northern hemisphere should have the parallels of latitude 
concave upwards.) 

Having numbered off the meridians, the positions of the 
D.F. station and transmitting stations in range are carefully 
_ plotted, each station being marked by a dot with a small circle 
round it and the call sign marked alongside. The size of the 
circles and thickness of the lines have been exaggerated in the 
figure, but these should be as light as possible. Lines are next 
drawn through the D.F. station and each transmitting 
station in turn, and a line is also drawn through the D.F. 
station parallel to the nearest meridian on the chart, to 
represent the direction of North. The bearings of the trans- 
mitting stations can now be scaled off with a protractor, 
which should preferably be of transparent material and at 
least 8 inches in diameter. It will make it more easy to ensure 
that the protractor is accurately registered with the 0°-180° 
line along the meridian, if the line representing the meridian 
be drawn so as to project some distance north and south of 
the position of the station. 

Lines have been drawn through a number of stations in 
the figure and their bearings have been noted ; probably the 
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number of stations heard on between 600 and 2,000 metres 
wave lengths would be well over a hundred. 

The Use of the Mercator’s Chart in the Above Example. 
The limitations of the Mercator’s chart for D.F. work have 
already been discussed on page 182, but occasions may arise 
when use has to: be made of such a chart in order to find the 
great circle bearings of transmitting stations for calibrating 
purposes. For distances between the D.F. and transmitting 
stations greater than 1,200 miles (see page 180) it is preferable 
to calculate the bearing in every case if accuracy is desired, 
but for shorter distances than this, the Mercator’s chart may 
be used and correction for half-convergency applied to the 
bearings so obtained. 

Fig. 184 shows a sketch map of England and Holland on the 
‘Mercator’s projection, and we will suppose that it is desired to 
find what the bearing of Seaforth W-T station (GLV) ought 
to be at the D.F. station in Holland, previously mentioned. 
The position of GLV is given as lat. 53°28’ 14” N., long. 3° 00° 
42” W., and having fixed this point and that of the D.F. 
station, a line is drawn between the two with a straight-edge. 
The rhumb line bearing of GLV at the D.F. is then measured 
with a protractor and found to be 288° 50°, to which must be 
applied the half-convergency. 


Dutlong 2-2-3 yor COS mea 7 oo. 
Mid. lat. = 3 - Dine = ee ae SO peas 


and from the H.-C. diagram, of Fig. 172, the half-conver- 
Senoy =! 2ei50. 

Since the mid. lat. is north and the distant station is west 
of the D.F., the correction must be added, so that the great 
circle bearing of Seaforth is 288° 50’ + 2° 50" == 20 lam 

Discrepancies in Calculated and Measured Bearings. 
The bearings as found by either of the above chart methods 
do not differ from the calculated bearings by more than a small 
amount, which usually is well within the limits of experimental 
error and may be neglected. Thus, comparing the eight 
values obtained from the gnomonic chart in Fig. 183 with the 
calculated values, the maximum error is found to be only a~ 
third of a degree, whilst the mean error is less than a quarter 
of a degree. The corrected Mercatorial bearing of Seaforth, 
for instance, which was found above to be 291° 40’ differs 
from the calculated bearing (291° 35’) by five minutes only, 
which is negligible. 
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DIRECTION FINDING BY ROTATING BEACON 
TRANSMITTERS 


From the point of view of the ship’s navigator, the method 
of using bearings obtained from rotating beacon wireless trans- 
mitters is exactly the same as that in the case of the shore D.F. 
station in that position lines are obtained from the shore 
station. 

The advantage of the system is that the ship’s bearing is 
found without the necessity for any transmission by the ship 
and with the use of ordinary non-directional receiving appa- 
ratus. Disadvantages are the bearings are usually rather less 
accurate than those given by the shore D.F. receiver and also 
the rotating beacons are costly to erect and no charge can be 
collected from the ships which make use of them. At the 
present time, there is only a very limited number of such 
transmitters in commercial use. 

Further information on the subject will be found on page 
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We now come to the far more flexible method of wireless 
navigation, namely when the direction finder is installed in the 
ship, in which case a position line can be obtained through any 
transmitting station within range of the D.F. receiver. 

In the case of the shore D.F. it was seen to be almost uni- 
versal practice to arrange the scale and pointer in such a way 
that bearings of stations were read off as angles east of true 
North; a station due north of the D.F. being indicated at 
o° on the scale of the instrument. On ship-board this is no 
longer possible since normally the scale is fixed relatively to 
the ship, which may be sailing on any course. It is standard 
practice, under these conditions, to calibrate the instrument 
so that 0° on the scale indicates the direction of a station dead 
ahead of the ship. Bearings are hence read off in a clockwise 
direction from this direction and are known as Relative 
Bearings. 

In order to obtain the true bearing of a distant station 
it is necessary, in addition to the D.F. bearing, to know also 
the course of the ship at the instant the bearing was taken 
and considerable skill and experience are necessary for the 
accurate simultaneous reading of these two bearings in a ship 
at sea. 
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The above situation is illustrated in Fig. 185, where O is 
a ship fitted with D.F. and sailing on a course XY. A bearing 
by D.F. of a transmitting station P is found to be 40°, 1.e., 
40°.on the starboard bow, which, in itself, is of no particular 
value for the purposes of navigation, since there 1s not enough 
information to lay off a position line through P. If, however, 
at the instant of taking the D.F. bearing, a reading had been 
taken of the magnetic compass and found—atter being corrected 
for magnetic variation and deviation and converted to degrees 
(page 433)—to give the ship’s course as 30° east of North, then 
the true bearing of the station P from O would have been 
20° 4--402.—= 70. east of North. 

In ships fitted 
with a gyro-com- 
pass, and having 
a repeater in the 
wireless cabin, it 
is only necessary 
to note the read- 
ing of the compass 
and the D.F., to 
add them together, 
subtract .360°. if 
necessary and the 
erecuit.is* thes true 
bearing since the 
gyro-compass has 
no variation or 
deviation. 

If a True Bear- 
ing Indicator Fig. 185.—Relative and True Bearings. 

(page 374) be fit- 

ted, or better still, if the gyro-compass controls the scale 
of the direction finder as in the instrument shown in Fig. 298, 
true bearings can be read direct. This immensely simplifies 
the taking of accurate wireless bearings, but unfortunately 
the gyro-compass is not in common use 1n merchant vessels. 

Provided that the transmitting station is known to be 
not more than about 100 miles distant from the ship in Fig. 185, 
the 70° true bearing of P is sufficient to enable a position line 
to be laid off forthwith on an ordinary nautical chart through 
the point P. 

For long distance work, the discrepancy between rhumb line 
and great circle bearings introduces still greater difficulties 
than in the case of shore station working, and if a situation 
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arises in which the distance of the station on which the bearing 
has been taken is not even approximately known, the only 
methods of obtaining a position line are by means of : 
(1) Mercator’s chart provided with lines of bearing. 
(Page 188.) 
(2) Retro-azimuthal chart. (Page 176.) 

Neither of these charts. is commonly to be found in a ship 
and they will not be considered further. In any case the 
position line would not be a reliable one, since the magnetic 
variation would not be known and the value chosen might 
be some degrees in error. ; 


Fig. 186.—Position Line on Mercator’s Chart from True Bearing 
of One Transmitting Station. 


Position Line from Bearing of One Station. The ke 
situation mentioned above is unlikely to be met with in 
practice, as, even if the ship has been unable to take astrono- 
mical bearings for some time, there will be an “ estimated 
position ” from dead-reckoning. This will give the approxi- | 
mate magnetic variation and also enable the correction for 
convergency to be applied as described in Chapter 6 and a 
pon line laid off from the transmitting station on a nautical 
chart. 

The estimated position of the ship will also give the ap- 
proximate meridian, and thus enable a position line to be 
plotted on a gnomonic chart /rom the meridian of the ship 
vo the station, thus avoiding the convergency error. 

These operations are illustrated in F ig. 186 and Fig. 187, to 
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which further reference will be made when considering cross- 
bearings from more than one station. 

Position Line from Bearings of Stations ‘‘ In Transit.”’ 
When a ship finds herself exactly in line with two transmitting 


pean 


idioms « 
Fig. 187.—Position Line on Gnomonic Chart from True Bearing of One 
Transmitting Station. 


‘stations, whether she be between the two stations or on an 
extension of the line joining them, the stations are said, as 
far as the ship is concerned, to be “‘in-transit.’’ This gives 
a position line 4 
immediately, as p 
will be seen from 
the examples in 
Fig. 188 and Fig. 
189. In the first 
case, the ship O, 
having attempted 
to take readings 
Ofer the. Stations 
PerandsO.ctinds 
that each of them 
bears: 100°; sand 
knowing the posi- 
U1040-5.5:.0:1 55 TIbe : 
stations, the posi- Fig. 188.—Position Line from Transmitting 
tion line POR is Stations *‘ In Transit.”’ 
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at once obtained. Similarly in Fig. 189 the bearing of P is 
found to be 100° and that of Q, 280°; that is to say, the 
signals arrive 180° apart on the scale of the D.F., indicating 
that the ship is on the line joining them. | 

On the nautical chart these position lines suffer from the 
same limitations as others and cannot be laid off accurately 
when the distances involved are much greater than 100 miles, 
but since on the gnomonic chart all great circles are always 
straight lines, the position lines may be drawn with accuracy ~ 
to the limits of the chart. It is only the azimuthal properties 
that depend to some extent upon the relative positions of the 
stations and the point of contact. | 

It must not be anticipated that 
stations will be obtained “in tran- 
sit ’’ very frequently, for this neces- 
sitates that both stations must 
transmit within a few minutes of 
each other. However, occasions are 
met with in practice and it is then 
that a position line is provided 
which is independent of the correc- 
tions and approximations which 
have to be made when the mag- 
netic compass is involved. ; 

It should be mentioned that the 

.) trans-Atlantic flight provides an 

Fig. 189.—Alternative Case of eXcellent opportunity for this method 

Position Line from Transmit- Of navigating. Provided that the 

ting Stations ‘‘In Transit.’ weather conditions made it possible 

for an aeroplane or airship fitted 

with D.F. to take a direct route from London to New 

York, it would be possible to fly practically the whole way 

across, whilst keeping to the great circle joining two trans- 
mitting stations, one on either side. 

The high power stations are all on very long waves, but 
Cape Cod (WCC) in the United States, on 2,000 metres and ~ 
Ongar (GLP) in England on 5,000 metres might possibly be- - 
received on a D.F. aerial over the full stretch of the North 
Atlantic. If so, it would only be necessary to ensure that _ 
during the flight, as shown in Fig. Igo, the signals from WCC 
and GLP were received at 0° and 180° respectively on the 
D.F., it having been previously set to read 0° dead ahead as 
in the case of a ship. If GLP’s signals were found to 
be at 183° at any time and WCC at 356°, it would indicate that 
the machine was to the north of the great circle route as shown 
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to an exaggerated degree in the figure, and the course would be 
altered until signals were once more 180° apart on the scale. 


Fig. 190.—Possible Method of Navigating Trans-Atlantic Flight by Transit 
Bearings on Terminal Transmitting Stations. 


In - the presence of a beam wind, the readings would 
not be o° and 180°, owing to “‘ drift’ (page 379), but they would 
still be 180° apart. 

Fix by Cross Bearings of Two Stations. We have seen 
that unless the position of 
a ship is approximately 
known it is impossible to 
lay off an accurate position 
line by means of a single 
bearing on a transmitting 
station, except in certain 
circumstances. Ifasecond \ 
Of; etoss bearing..can-be>. .\ 
obtained, both position \ 
lines can be drawn and 
the position of the ship 
thereby fixed. 

In Fig. Ig1, suppose that 
a ship takes bearings of 
the stations O and P and 
finds them (after correct- : 
ing) to be 30° and: 80° re- ship” ‘D.F., on’ Two Transmitting 
spectively. Then, knowing Stations. 
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the positions of Q and P, it is required to reconstruct the 
state of affairs on a chart, not knowing the estimated position 
of the ship. ; 
Cross Bearings on Mercator’s Chart. Suppose Fig. 192 
to represent the above conditions on a nautical chart. The 
position of the ship is not known, but the true bearings, at a 
certain time, of the stations Q and P were 30° and 80° respec- 
tively, corrections having been made for magnetic variation 
and deviation, the former being only an approximate figure. 
Now it is impossible to get a fix by laying off the reciprocals 
of these bearings from Q and P since, although the bearing of 


; ao’+ Ye CON- 
80° \VERGENCY 


Fig. 192.—Plotting Fix by Cross Bearings, on Mercator’s Chart. 


Q from the ship is 30°, the bearing of the ship from Q is not 
180° + 30° = 210°, but some other angle, depending on the > 
relative disposition of the ship and the station Q. | 
_ If the approximate position were known, then the correction 

could be applied to the bearing, which would enable it to be . 
laid off, and this indicates the method to be employed to obtain 
a fix. Lay off the bearings from the stations Q and P, as 
shown -by- the dotted lines in Fig. 192, and the intersection 
will give an approximate position for the ship at O. From 
this a check can be obtained on the value taken for the mag- 
_ netic variation, which may affect the figure taken for the true 
bearing. It will also give a rough idea of the difference of 
longitude between the ship and Q, and also the middle lati- 
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tude between the places, enabling the convergency correction 
to be worked out from the expression : 
: 3 convergency = } diff. long. x sin mid. lat. 

Having made these adjustments to the original bearings, 
they can again be laid off from Q and P and a closer approxi- 
mation to the true position is now obtained at O’. Since 
O’ and O do not coincide, it follows that further secondary 
corrections may have to be made to the magnetic variation, 
diff. long. and mid. lat. if anything approaching complete 
accuracy is desired, and having made these further adjustments, 
_a third and still more accurate fix is obtained. This may be 
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Fig. 193.—Plotting Fix by Cross Bearings, on Gnomonic Chart. 


considered an unnecessary refinement which will rarely be 
employed in D.F. work.. | Hina: 
The Station Pointer. Instead of laying off the bearings 
on the chart in order to find the approximate position of the 
ship, a station pointer may be employed for the purpose and 
will give the same result, namely, at O. The corrections are 
then made to the bearings, the arms of the instrument adjusted - 
accordingly, and the second fix O’ obtained and so on. 
The disadvantage of using the nautical chart is the necessity ~ 
of making a small calculation in connection with almost every | 
long-range bearing before it can be applied to get a fix, and we 
will now investigate the use of the gnomonic chart in similar 
circumstances and see in what way the process is simplified. 
Cross Bearings on the Gnomonic Chart. Fig. 193 
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shows an attempt to lay off the position lines on a gnomonic 
chart, the position of the ship being unknown, as before. If 
a graticule be used, it will be assumed that a suitable one has 
been chosen for the latitude of Q and P. Since the degree of 
accuracy of a shore station cannot be obtained in a ship, 
there is no great need to ensure that the estimated position 
of the ship should come very close to the point of contact 
of the chart. This may be considered if circumstances permit, 
or seem to warrant great care, but the errors produced by its 
non-observance have already been seen to be small (page 173). 

As before, lay off from Q and P the bearings obtained from 
the ship. These will not be the true position lines, but will 
intersect at some point O and give an approximate position 
for the ship. This rough fix will give a check on the figure 
for the magnetic variation which was used to obtain the 
bearings, and they can be corrected in accordance with this 
if necessary. In addition to this, the meridian of the point 
O can be assumed to be the meridian of the ship when the 
bearings were taken, and the position lines may now be laid 
off from this meridian, through the respective stations, and 
a new point of intersection obtained. Fig. 187 illustrates the 
necessity for this. The second intersection O’ ought to come 
fairly near the meridian selected, and if it does not, the meridian 
of ©’ should be taken, and, after making secondary adjust- 
ments to the bearings, they are laid off from the meridian of 
O’ and a third intersection obtained. 

To get a fix by this method will be seen to be just as lengthy 
a process as with a nautical chart, but the use of the station 
pointer in this case simplifies the problem. 

The Station Pointer. As before, the arms of the instru- 
ment are set to include respectively the true bearings of the 
stations P and Q from the ship. Since the gnomonic chart 
reproduces great circles as straight lines, and the great circle 
angles are correctly rendered, the state of affairs which existed 
at the instant the bearings were taken is reconstructed with 
a minimum expenditure of time and trouble. A pencil mark 
is made at the centre of the station pointer giving the fix. 
There still remains, however, the possibility of having to 
make a further correction in case the value taken for magnetic 
variation proves to be incorrect. 

On page 221 will be found examples on the practical use of 
charts in navigation by cross bearings, using both nautical 
and gnomonic charts. 

Fix by Cross Bearings of Three Stations. The remarks 
at the beginning of the chapter regarding the accuracy obtain- 
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able in wireless direction finding by means of shore stations 
(Fig. 180 and Fig. 181), apply with equal force when the D.F-. is 
installed in a ship, and a cross bearing on a third shore station 
will materially improve the value of the fix. <A “ cocked hat ”’ 
will frequently be produced by the intersection of the lines, 
- owing to errors which have been detailed on page 197, and in 
connection with the last one mentioned, namely, that due 
to the time which elapses between the taking of the first and 
last bearing, the following is a method by which allowance may 
be made for the distance travelled by the ship in the interval. 

Allowance for Distance moved by Ship whilst taking 
Cross Bearings. In Fig. 194, suppose that the bearing of 

OQ is obtained 15 minutes . 
before that of P, during : 
which time the ship was 
sailing on a course due . 
east at 12 knots. Then any 
the distance travelled dur- i 
ing the interval would be 
three miles, and the point 
O would not represent a 
position of ‘the ship..durz” 7 eg 
Moet hatte, sli we draws AKew serore 
a line A Bin a direction “COURSE IF Q Sap Sale 
iia seas ald>-Il Such asain ees 
position that the part a b 
intercepted by the position 
lines is a length equal to 
three miles—to the scale 
of @the. chart—then . the 
points a and b were ap- 
proximately the positions 
of the ship when the two bearings were taken. Had the 
bearing of P been taken first, then the line would have been 
drawn in the position C D to represent the course, and the 
‘positions c and d on the first and second position lines re- 
spectively would be the two positions required. 

If a ship, whilst steaming, say, south-east at 12 knots, takes 
bearings on three stations P, O and R, at intervals of 15 and 
I0 minutes respectively between bearings, then the results 
may be tabulated as follows : | 


EARING 
BEARING 


Fig. 194.—A Method of Plotting a Fix 

when an Interval of Time Elapses be- 

tween Taking Cross ‘Bearings on Two 
Transmitting Stations. 


Station. Time. Interval. Distance. 
IE SUR 15 min. 3 miles. 
Jit) ee IO min, 2 miles. 
Rk 3.25 p.m. 
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In Fig. 195, the bearings of P, Q and R are shown plotted 
out, after having made all the necessary corrections and 
adjustments, and are seen to form a“ cocked hat,’’ the centre 
of which would normally be taken as a fix. From the above 
information, however, we are able to draw a line A Bin a 
direction south-east on the chart to represent the course of 
the ship, and it is drawn in such a manner that it intersects 
the position lines from P, Q and R in the order in which the 
bearings were taken, and also such that the intercepts ad 
and bc are each proportional, as before, to the distances 
covered in the intervals between the bearings, namely, three 
miles and two miles. Then, a, 0, and c were the positions 
of the ship, none of which is seen to be near the centre of 


Fig. 195.—A Method of Plotting a Fix when Intervals of Time Elapse 
between Taking Cross Bearings on Three Transmitting Stations. 


the ‘‘cocked hat,’ thereby showing the necessity for the 
correction. 

In plotting the direction of the ship’s course, due allowance 
must always be made for wind, tide and currents, and the 
compass reading alone must not be taken to represent the 
course. 

The process can be carried out quite simply with a parallel 
rule and a pair of dividers, the scale of miles being measured 
from the nautical chart, as explained on page 179, or, if a 
gnomonic chart be in use, the scale—if not marked on the 
chart—can be obtained from the distance between the nearest 
pair of parallels of latitude, which is equal to 60 nautical miles. 

Since the station pointer takes no account of the time 
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which has elapsed between the taking of the various bearings, 
there are cases in which its use may result in an incorrect 
fix, and this point is dealt with on page 225, where an example 
is given of the method of « 

obtaining a fix from a short- . 
range station. In all such 
cases the distance travelled 
by the ship has an appre- 
ciable effect upon the fix. 
In cross bearings from 
‘long-range stations, unless 
the bearings are taken at 
very long intervals, the 
effect may generally be 
neglected. 

Position Circle. Angle 
Subtended at Ship by 
Two Shore Stations. 
Suppose that the ship O . 
in Fig. 196, instead of — 
taking true bearings of P Fig. 196.—The Position Circle. 
and Q, measures only the 
angle subtended by the stations, that is to say, the angle 
POQ. The necessity for this might arise owing to the tem- 
porary unreliability of the magnetic compass, due to magnetic 
storms or possibly some accident. . eats 

Instead of fixing the position of the ship, this gives a 
position circle as shown. Stu- 
dents of Euclid will recognise the 
conditions as those of a ‘proposi- 
tion which proves that in the arc 
AOB of any circle AOBC, as in 
Fig. 197, all the angles AOB, 
AO’B;. -AO*S,. etc... are equal to 
one another. Similarly, all the 
angles on the other side Gls Lei 
chord AB, such as:ACB, ACB, 
etc., will be equal to one another, 
but will not be equal to AOB un- 
less AB be a diameter of the circle. 

Fig. 197-—Geometry of the Tf therefore, in Fig. 196, the 

Seagate angle subtended by P and Q be 
found to be 60°, then the ship must lie somewhere on the 
arc POQ of a circle of such a diameter that all angles POQ, 
PGi «etc.. ate equal to 60°. It at once becomes necessary 
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to have a simple means of constructing this position circle. 
In Fig. 198 let P and Q again be the two points which subtend 
an angle of 60° at all points on the required circle. To find the 
centre of the circle, join PO and bisect the line at right angles 

2 at, V by’ the-line SVs ate 


draw a line QC, cutting ST at C, 
and such that the angle VOC 
= 0 "007 330 4 Then 
will be the required centre and 
the position circle may be de- 
scribed with radius CQ. 

When the angle POQ, Fig. 
196, is greater than a right angle 
it can be shown that the centre 
C in Fig. 108 is given by a similar 
construction except that the 
angle VOC = (POQ— 90°). Thus, 
in ‘general, the angle VOG#is 
given by the difference between 
go° and. @ where ¢ is the angle 

; subtended at the ship by the 
Fig. 198.—Construction for Find- stations P and O. 
ing the Centre of a Position Intersecting Position 
Rue: Circles. Angles Subtended 
at Ship by Three ShoreStations. If, as in Fig. 199, a third 
station be available and the angle QOR is measured by the 
D.F. to be ro0°, then in the same way as before, a second 
position circle can be drawn for the stations QO and R. Now 


Fig. 199.—Intersecting Position Circles. 
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the position of the ship must lie on both these circles, and 
therefore, as in the case of position lines, it will be at the inter- 
section O, the other intersection being the common station Q. 

In the case of bearings on three stations, the station pointer 
is particularly useful, and it was, indeed, in connection with 
the ‘“‘ horizontal sextant angles’ of ordinary navigation that 
the instrument was first developed. This type of fix, being 
quite independent of the magnetic compass, is about the most 
rapid and accurate one which can be got; but the accuracy 
largely depends upon the relative disposition of the stations 
_and the ship, and is particularly unreliable when the position 
of the ship is anywhere near the circumference of the circle 
drawn through the three stations. This point is discussed below. 


d Fig. 200.—Coincident Position Circles. 


Special Case when Position Circles Coincide. If the | 
ship O in Fig. 200 is in such a position that the two position 
circles PQO and RQO coincide, then it will not be possible to 
obtain a fix from observations of subtended angles alone. 

-For instance, suppose that at a certain time the angles POQ 
and POR are found to be 25° and 128° respectively, and that 
an attempt be made to fix the ship’s position by means of 
a station pointer, it will be found impossible to do so, since 
the conditions are satisfied at any point of the arc ROQ 
for reasons already stated. In such a case, the only method 
of getting a wireless fix is by taking the true bearings of one 
or more of the stations and plotting position lines to intersect 
this circle, or by waiting until the ship has proceeded on her 
course for some time, and the position circles are no longer 
coincident. 
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Running Fix by Bearings ona Single Station. This is 
a method of fixing the position of the ship‘from bearings on a 
single station and is of particular use when coasting. Suppose 
that in Fig. 201 the ship takes a bearing of the shore station 
P and finds it to be 60°. This position line is laid off on the 
chart from P in the direction PS and is called the “ First Posi- 
tion Line.’ This is essentially a case for the employment of 
the nautical chart, since the method is almost useless at great 
distances from the transmitting station, owing to the time 
taken to obtain a result. At the instant of taking the first 
bearing, the patent log is read and a record is kept of the course 
of the ship and the dis- 
tance run on _ each 
course if the course be 
changed. As soon as 
the bearing of P has 
appreciably altered (the 
change should be at 
least 30°, and is shown 
as. 60°. in + Fig. 20m)7 
another bearing is 
. taken, and the patent 
log again noted. The 
method of fixing the 
position of the ship is 
then as follows: 
It is known that 
Fig. 201.—The Running Fix. when the first bearing 
_ was taken the ship was 
somewhere on the line P S. Choose any point O and let 
this be supposed to be the position. Now, from O lay off the 
courses and distances of the ship up to the time of taking the 
second bearing, and suppose these to be represented in the 
figure by the line OTUO’. Through the point: O’, draw a 
line P’O’S’ parallel to the first position line. The ship must 
have been somewhere on this line at the time the second 
bearing was taken, whether the point O was chosen correctly 
or not, since, wherever O be chosen, laying off the course 
and distance would have resulted in the same line P’O’S’._ 
This latter line is called the “ First Position Line Trans- 
lerredins 
If, now, the second bearing be laid off from P, which we wilt 
assume was 120°, it will cut the line P’O’S’ at some point O”, 
which was the ship’s position at the instant of taking the second 
bearing. . 
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SHIP D.F. PROCEDURE 


When a ship fitted with D.F. requires the bearing 
of a shore transmitting station which is not working 
traffic at the time, the shore station can be called up and 
requested to transmit ‘his call sign for a period long 
enough to take two or three readings. Provision is made for 
this contingency in the W.T. Direction Finding Regulations 
of some countries and in certain cases a charge is made for 
each transmission. The necessary procedure is given in the 
various publications which were mentioned under the heading 
of «General Procedure’? on page 196 and at the same time 
attention is drawn to the importance of distinguishing between 
the position of the D.F. receiving station and that of the 
associated transmitting station when the two are not at the 
same place. The exact position of more than 300 of these 
coastal transmitters which are working on wave lengths between 
450 and 1,200 metres, is given in the Admiralty List of Wireless 
Signals. 

Caution regarding D.F. Navigation by Shore Trans- 
mitting Stations. In using any coast transmitting station 
as a beacon, it is well to ensure not only that the position 
is accurately known but also that there are no mountains or 
long stretches of coast line along the path of the wave from 
the shore station to the ship. In certain cases the wave front 
or polarisation of the wave may be distorted by these factors 
and will produce errors in apparent bearings for reasons which 
are dealt with in Chapter 9. 

Experience with Marine D.F. installations over several 
years has resulted in the Marconi International Marine Com- 
munication Company producing a series of charts of some of the 
more important W.T. navigational areas, which show, for the 
various shore transmitters, the sectors which have been found 
to be reliable for taking bearings from ships. These charts are 
distributed to the navigating officers of ships which carry 
Marconi apparatus and an example is given in Fig. 202 
showing the transmitting stations at the Mouth of the St. 
Lawrence. Note that the bearings in degrees which mark 
the limits of the ‘“‘ good bearings ”’ sectors refer to the true 
bearings of and not from the transmitting station. 

Prevention of Collision. Whenever a ship (A), hears 
wireless signals from another ship (B), during fog, and the 
bearing of B is found to be on the bow, a watch should be kept 
to ascertain whether the condition of constant bearing and 
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increasing signal strength exists. If so, there is a grave 
chance of collision, and the position becomes more serious if 
the bearing be on the starboard bow, as in this case it is the 
duty of A to keep clear. 

By keeping watch on the bearings it is possible to detect 
whether the ship is drawing ahead or astern, and in case of 
any doubt; a call can be given to find out the course of the ship. 

It should be remembered that when a ship is a considerable 
distance away, the bearing will appear to remain constant 


Fig. 202.—Chart showing Sectors in which Good and Bad Bearings are 

obtained of the Transmitting Stations in the Mouth of the St. Lawrence. 

(Issued by the Marconi International Marine Communication Company 
Ltd.) 


for long periods, and some effort should be made on the part 
of the telegraphist to estimate the probable distance, from the 
strength of signals—which should be quite a feasible thing 
after a certain amount of practice and familiarity with the 
receiver, which he is using. is 
Vessels in Distress. In the case of a distress call, when 
the vessel concerned sends her position, it is preferable to 
attempt to find her by keeping her at O° on the scale of the 
D.F. and ignoring the position given. Cases have occurred in 
which the estimated position was given 100 miles in error, 
and as long as she is able to make signals with her wireless 
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transmitting set, the above method affords the most rapid 
way of finding her. 

Conversely, a ship in distress having a D.F. installed, is 
able to give her bearings relative to other vessels answering 
her call, thereby enabling them to take the shortest route to 
her assistance. : 


EXAMPLES OF WIRELESS POSITION FINDING 


Example of a Fix by Cross Bearings on Long Distance 
Stations, using a Nautical a 
Chart. In this example it is 
proposed to take the case of 
a ship which is to the north- 
west of Cape Finisterre, and 
is in estimated position 44° 0’ 
N. and 10° o’ W. Position | 
finding by means of cross 
bearings will be met with far 
more frequently than any 
other method, and since the 
ordinary nautical charts are 
available in the chart room 
of every ship, the above TRUE POSITION OF SHIP 
example has been taken as | ea WT eo tt 
typical of a long range fix. 
Suppose that the actual 
position of the ship at the 
time the wireless fix was ob- 
tained was 44° 30’ N. and 
10° 40’ W., in which case the 
observed true bearings of 
three of the stations on which 
bearings were taken should 
be as follows : 
Valentia £3530. 
Ushant ADAel Le 
Aranjuez 128° 23’ 
This information regarding the actual position is of course 
not known to the ship, and the bearings as obtained by the 
direction finder will be assumed to have errors of approximately 
1°, Bearing these facts in mind, we will examine the method 
of obtaining a fix and note to what extent it is affected by the 
errors in bearings and the distance over which they are taken. 
Fig. 203 shows a sketch chart on which the akove 
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Bile Ol ees a6 Se es re 
Fig. 203.—Long Range Fix using 
Mercator’s Chart. 
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transmitting stations have been marked. On most nautical 
charts, shore wireless stations—or at any rate coastal stations 
—are shown, but their positions should always be checked 
from the official list supplied to ships. 

The conditions which have been chosen are particularly bad 
ones for obtaining a wireless fix by cross bearings in that, with 
the exception of Cape Finisterre, the transmitting stations 
are at greater distances from the ship than. they should be for 
accurate position finding. This has been done purposely, as it 
shows up the resulting errors more clearly. For this reason we 
shall assume that Finisterre was not working at the time, and 
that the bearings had to be taken on the remaining long 
distance stations. 

We will suppose that bearings were taken first on Valentia 
and Ushant, and after being converted to true bearings, were 
as follows : 


STATION. CALL LATITUDE. LONGITUDE. TRUE, 


SIGN, BEARING. 
Valentia GCK 51°55’51” N. 10°20’ 54” W. 2 
Ushant FFU 48° 27'05"N. . 5°05’00" W. 43° 

From the estimated position of the ship and the values 
tabulated above for the positions of the stations, the necessary 
corrections for convergency are next found. 

Ushant. Long. of estimated position of ship = I0° 00’ 


Long. of Ushant = 05° 05° 
Diff. Long | = 04 55s 
Lat. of estimated position of ship = 44° 00’ 
Lat. of Ushant AG ee 
Sum of Lat. P02 aie 
Mid. Lat. Q2 27-47 AU mel ay 
eee » 
Half-convergency from diagram = I° 45’, 


Referring to Fig. 171, it is seen that the above corresponds 
with case (6), in which the mid. lat. is north and the trans- 
mitting station is east of the ship. Great circle bearings are — 
being converted to rhumb line, and so the correction is a + ve, 
one which gives the rhumb line bearing of Ushant to be_ 


43° + 1° 45° = 44° 45°. 

Since Valentia is almost due north of the ship, the diff. 
longitude only being a fraction of a degree, the correction 
for convergency may be neglected and the rhumb line and 
true bearings assumed to be the same. This is to be expected, 
since the meridians are themselves great circles, and hence 
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any rhumb line which lies along or close to a meridian, will 
also closely approximate to a great circle. 

The position lines are now plotted on the chart by laying 
off the reciprocals of the corrected Ushant bearing (44° 45’ + 
180° = 224° 45’) from Ushant and of the Valentia bearing 
(2° + 180° = 182°) from Valentia, a fix being obtained at 
10° 39’ W. and 44° 38’ N., but serious discrepancies will 
probably be present, owing to the magnified effect, at such 
ereat distances, of the errors which were assumed in the 
bearings. Over a distance of approximately 400 miles, an 
_error in bearing of one degree will give a change in the position 
of the fix of about seven miles if the intersection of the position 
lines is at right angles, and considerably more if the intersection 
be acute. 

Suppose that it had been possible to obtain a check bearing 
on Aranjuez within a short time of the other two bearings, 
which resulted as follows: 


STATION. CALL SIGN. T Lona. TRUE BEARING. 


AT. 
Aranjuez EAA 40° o1' 48"N. 03° 40’ 32"W. 128° 


The correction for convergency, obtained as in the case of 
Ushant, is 2° 06’, and is again a + ve correction as the con- 
ditions are the same as for Ushant, giving a corrected bearing otf 
1285) 742 00: =7130. 06° 

The reciprocal angle (130° + 180° = 310°) is now laid off 
from Aranjuez and the three position lines result in a “ cocked 
hat,’ the centre of which is approximately at 44° 28’ N., 
10° 43’ W., and this would be taken as the position of the ship. 
We see that the difference between the true position and the 
wireless fix is roughly five miles and errors of this order must 
be anticipated in similar cases. 

It was assumed that Finisterre was not transmitting, but had 
it been possible to obtain a bearing on this station the resulting 
position line should be a very reliable one as the distance 1s 
so short. The assumption was made in order to show the 
unsatisfactory nature of the fix obtained from long distance 
stations unless only approximate accuracy is required. 

Example of a Fix by Cross Bearings on Long Distance 
Stations, using a Gnomonic Chart. Consider, now, the 
use of the gnomonic graticule in connection with the previous 
case of a ship north-west of Finisterre which has obtained 
bearings on long distance stations as before. (See previous 
example.) 

From the series of gnomonic charts carried in the ship, a 
suitable one is selected which will include the stations known 
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to be in range at the time, and it will be found, for instance, 
that chart G of the 25 mile series (page 176) extends from 
lat.237° 30’: N. to,/§22 30°"N and will meet  thelcasesaa ta 
method of locating the transmitting stations on the chart has 
already been described (page 201). There is, however, a 
difference between the two cases in that it is no longer always 
possible—nor even necessary—to ensure that the position of 
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Fig. 204.—Long Range Fix using Gnomonic Graticule. 


the ship coincides closely with the point of contact of the 
chart (see page 212). However, we are told that the estimated. 
position of the ship at the time the bearings were taken was 
44° 00’ N., 10° 00’ W., and the point of contact of this series 
of charts being at the centre of the sheet we can call the centre 
meridian 10° W. and number the remainder off accordingly. 

Fig. 204 shows the chart with the stations marked in 
position. 


224 


CROSS BEARINGS ON SHORT DISTANCE BEACONS 


The problem of fixing the position of the ship from the 
information obtained lends itself so readily to the use of the 
station pointer that it would seem hardly worth while dis- 
cussing the method of laying off the position lines. Cases 
may arise, however, in which the instrument is not available, 
or it may be necessary to lay off the position lines in order 
to make allowance for the distance travelled by the ship. 

The estimated position of the ship being near to the meridian 
10° W., a point is found on this meridian such that a bearing 
from it through the position of Ushant is 43°, this being 
.accomplished by means of a protractor, straight-edge and a 
certain amount of patience. Adjustable protractors are also 
procurable which have a straight-edge attached and reduce 
the time taken to plot the line. In a similar way the 2° 
bearing of Valentia and the 128° bearing of Aranjuez are 
laid off from the 10° W. meridian and a ‘‘ cocked hat” is 
again obtained, as shown in Fig. 204, from which the position 
of the ship is fixed in 44° 26’ N., 10° 46’ W. 

Example of a Fix by Cross Bearings on Short 
Range Stations : 

(1) Allowing for the movement of the ship during 
process. 
(2) Using station pointer. 

(1) A ship in the English Channel in estimated position 
49° 30’ N., 4° 30’ W., at 4.30 p.m., is steaming at 15 knots 
on a course due east. Bearings are taken of various stations 
as they are heard from time to time, and the true bearings 
_ are tabulated below, together with the times at which they 

Were obtained. 

TIME 


CALL TRUE 
er STATION. Stns LATITUDE. LONGITUDE. Baie 
4.35 Niton CONT 5 00347935. Niel hE RES 5 mW OD” 


4.55 Ushant FRU 48°27 05; Ni. 5057.00" W.. 208° 
5.05 Land’sEnd GLD 50°07’ 03"N. 5° 40' 10" W. 3004° 


Since none of these stations is more than 100 miles from the 
estimated position of the ship, the true bearings may be laid 
off from the stations on a nautical chart without correction, 
and in Fig. 205, which is drawn on Mercator’s projection, they 
are seen to produce a “* cocked hat ”’ several square miles in area. 

Now, since the speed of the ship is 15 knots, the distance 
covered between taking the Niton and Ushant bearings is 
5 miles, and between the Ushant and Land’s End bearings, 
2$ miles (taking no account of tide or currents). These 
distances are scaled off from the chart (in the way described 
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on page 213), and marked on the edge of a sheet of paper, this 
improvised scale being applied to the chart at the intersections 
of the position lines in such a way that the edge of the paper 
lies in a direction due east, corresponding to the course A B 
of the ship. It is then adjusted until the three points I, 2 
and 3 corresponding to the bearings on GNI, FFU and GLD 
lie on their respective position lines, taken in the correct 
sequence. In the figure they are shown as coinciding, but there 


L e i ; . 


Fig. 205.—Short Range Fix when Time Elapses between Taking Cross 
Bearings. 


will usually be difficulty in getting complete agreement, owing 
to small errors in taking the bearings. 
The three positions are found, from the chart, to be: 


TIME. LATITUDE. LONGITUDE. . 
4.35 p.m. 49° 32" N. 4° 20’ W. 
4.55 p.m. 49° 32° N. 4° 123 W. 
5.05 p.m. 49° 32’ N. 4° 09’ W. 


the latitude being constant in each case, owing to the course of 
the ship being east. 
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In estimating the course of the ship, due regard should be 
paid to the effects of tide and currents, etc., as well as merely 
the magnetic compass reading. 

(2) The Station Pointer. Had the above readings been 
taken within a few minutes of each other (and the above 
intervals are longer than would usually be met in practice in 
such a busy wireless area as the English Channel), then the 
station pointer could have been employed. There are two 
ways in which the instrument may be used, the first being to 
make use of the true bearings of any two of the three stations, 


fa, | Fig. 206.—Fix by Cross Bearings using Station Pointer. 


and the second is to use the subtended angles at the ship, 
of all three stations. Thus, in the first case, the centre leg 
of the station pointer will represent North, the right leg will 
be set to 62° to represent the Niton position line and the left 
leg to 3004° for Land’s End. The instrument is then laid on 
the chart with the centre leg parallel to a meridian and the 
adjustable legs are arranged to pass through the respective 
stations, giving a fix. The same process can then be carried 
out for another pair of stations and the results averaged. 

In the second method, the direction of the meridian is 
ignored and the three legs are set so as to include angles equal 
to those subtended, at the ship, by the three stations. Thus, 
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suppose the centre leg to represent the Land’s End position 
line, then the right leg will be set at (360° — 3003° + 62°) 
— 121} and the left leg at (360° — 3005" + 208°) = 2675° 
for Ushant. The station pointer is then applied to the chart in 
the way shown in Fig. 206* so that the three legs pass through 
the respective stations and a fix is obtained which will coincide 
with the centre of the cocked hat of Fig. 205. 


* Admiralty Chart No. 1598 is here reproduced by kind permission of the 
Lords Commissioners of the Admiralty, Whitehall, London. 
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CHAPTERS 
BEACON TRANSMITTERS 


It has been seen that to the ship or aircraft navigating by 
means of shore transmitting stations, each such station becomes 
a beacon, and the transmitting stations which are involved 
in wireless navigation may be grouped under four main headings, 
short accounts and examples of which are given in this Chapter. 


(1) Coastal Transmitting Stations. 


These form, at present, the great majority of the trans- 
‘mitters available for wireless navigation and are found working 
in all parts of the world on wave lengths within the range of 
the average ship D.F. installations. Bearings can be taken 
of these stations by ships and aircraft fitted with direction 
finders and position lines found subject to the precautions 
which have been mentioned on page 219 regarding the “ good 
bearing’ sectors and the importance of knowing the exact 
position of the transmitter. 


(2) Non-Directional Beacons. 


These are transmitters erected solely for the purpose of 
navigation and are placed in positions which will give the best 
cuts in the neighbourhood of harbour entrances or in some 
dangerous stretch of water. They may also be used in aero- 
dromes for aeroplanes fitted with ‘“‘ homing ”’ systems of D.F. 
(page 383). 

The factors of which account must be taken when estab- 
lishing a system of beacon stations of this type are well illus- 
trated in the case of the French Government Radiophares, 
some details of which are given by A. Blondel (337). Three 
types of station are proposed, the first of which consists of low 
power beacons situated near the extrance to ports, which work 
continuously and have a range of about 20 miles. The second 
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type has a 50 mile range and works for five minutes each 
quarter of an hour, whilst the third type has a 200 mile range 
and works for five minutes each hour. All the beacons are 
to use a 1,000 metre wave length and modulated continuous 
waves, except in those districts where it is certain that damped 
waves will not interfere with other wireless services. The 
question of the re- 
lative advantages 
of C,W. seas 
and damped 
waves in their re- 
lation to night 
errors is referred 
to later on page 
2A5,. 
Where possible 
an umbrella aerial 
is used to give 
large capacity 
and a non-direc- 
tional diagram of 
radiation and par- 
ticular care : is 
taken to eliminate 
from the  trans- 
mitters, harmo- 
nics which might | 
cause jamming. 
0-002 mfd —. In order to assist 
| navigators in dis- 
TRANSFORMER _ tinguishing — bea- 
cons, the neigh- 
bouring stations 
have _ different 


% eae musical notes and 
Fig. 207.—-Arrangement of Frame Aerials in Bureau the perio dof 


of Standards Directive Radio Beacon. ; 
working of one 


station is, in some cases, made slightly to overlap the period 
of the next so that, even if the call signals be missed, the 
stations can be distinguished by their note and the sequence 
in which they are heard. ; 


A 


| 

| 

| 

1 
: 1 

S 


5 KW.500~ s2 
QUENCHED == 
SPARK SET 


(3) Fixed Directive Beacons. 


This type of beacon has a polar diagram of radiation which 
may be either a cosine, a cardioid, a beam or some complex 
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form of diagram which is fixed and usually provides means for 
navigating ships or aircraft, fitted with ordinary non-direc- 
tional receivers, along a path towards or away from the beacon. 
A number of systems have been produced and others are still 
in course of development at the time of writing but a typical 
example is the one described below. 

Bureau of Standards Directive Radio Beacon. Scien- 
tific Paper of the Bureau of Standards No. 480 describes a 
type of beacon 
which was de- 
veloped during 
1923 and which has 
_ the advantage of ® 

requiring no special 
receiving appara- 
tus. in the ships 
~which make use of 
ita i hemsystem 
consists essentially 
of -two frame 
aerials, arranged on 
a common vertical 
axis and fixed so 
that the angle be- 
tween their planes 
is 135°, as in Fig. 
207, where # and 
aa are the direc- 
tions of the planes 
of the two coils and 
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the two figure eight . i =< 

diagrams of radia- t= 0 A 

tion are shown Fig. 208.—Method of Navigating by Bureau of 
superimposed one Standards Directive Radio Beacon. 


on the other. The 

transmitting apparatus consists of a 5 K.W. quenched s park 
‘set, the outline of the connections of which are shown, 5S 
being a change over switch so arranged that the power 1S 
applied to the two coils alternately every second. 

Suppose now that a receiver be situated in the direction 
O Y, then the signal strengths from the two frames will be in 
the ratio of the ordinates of the two polar diagrams, namely 
OM : OO, which in the case illustrated is approximately 2:1. 
In a direction O X, however, the signal strengths from the two 
frames are each equal to O P so that a ship steering in such a 
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way as to maintain equal signals from both frames could keep 
along the line O X._ Fig. 208 is a further diagram from the 
above mentioned paper illustrating the way in which an 
aeroplane wishing to reach the point O, and approaching 
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TRANSMITTING STATION 
Fig. 209.—The Telefunken Compass. 


within the range of action of the beacon from the direction 
shown by the arrow, is enabled to pick up the equi-signal 
zone and fly direct to its objective. In this diagram, the close- 
ness of the section lining in the various sectors A and T repre- 
sents the ratio of the signal strengths from the two frames. 
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Tt will be clear that an ambiguity exists in that there are 
four directions at right angles, along which the strengths of 
signals are equal from both frames but a glance at the magnetic 
compass in the aeroplane would prevent any mistake being 
made due to this cause. In any case, the claim made for the 
system is chiefly as an aid to aircraft or ships which are con- 
stantly navigating along one definite route. 

Early experiments with this system, using frames 150 feet 
by 50 feet crossed at an angle of 143°5° and a power of 2 K.W. on 
a wave length of 1,000 metres, demonstrated that at a distance 
of 31 miles the width of the equi-signal zone was about 14 
miles. Changing the angle between the frames did not help 
the overall sensitivity of the system, although subsequent 
work on increased power enabled the equi-signal zone to be 
materially reduced. 

It is obvious that the greatest care must be taken to 
ensure that the aerials are exactly similar and that the 
aerial currents are equal, as any variation in the radiation 
from the frames will immediately affect the direction of the 

equi-signal zone (271). 


(4) Rotating Directive Beacons. 


These beacons possess strongly directive polar diagrams of 
radiation as in the last type but, either by turning the whole 
aerial system or by some other means, the polar diagram is 
caused to rotate at a constant speed. The transmission takes 
the form of a prearranged code of signals which indicate, 
every few seconds, the true bearing of the direction of maximum 
or mimimum radiation. Position lines can be obtained from 
these beacons by ships fitted with non-directional receiving 
apparatus although the standard of accuracy is not, as a rule, 
so high as in the case of position lines obtained by a ship D.F. 
on fixed non-directional beacons. The number of rotating 
directive beacons working commercially, at the present time, 
is very small but examples of several types are mentioned 
below. 

The Telefunken Compass. An early form of trans- 
mitter of the above type, but which has never come into common 
use, employs a series of directional aerials radiating from a single 
mast which also supports a non-directional aerial as shown in 
Tig. 209. The method of operating the station is as follows. 
At prearranged intervals, a time signal is transmitted from the 
non-directional aerial and is immediately followed by a series 
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of further signals, sent at intervals of one second on each of 
the directional aerials in turn. There are thirty-two of these 
aerials, corresponding to the points of the magnetic compass, 
and the direction of transmission will therefore rotate through 
a complete circle in thirty-two seconds, and is arranged to 
start and finish with the direction of North. All ship stations 
wishing to make use of the scheme are supplied with a special 
stop watch which has its dial marked out in the form of a 
compass and the finger of which rotates once in thirty-two 
seconds. If, then, on hearing the time signal, the operator starts 
his stop watch and listens until the transmitted signals reach 
their maximum strength and then stops the watch, the 
-pointer will indicate the direction of the transmission at the 
instant and hence the bearing of the ship from the transmitting 
station. 

Marconi Rotating. Beam Transmitter. A form of 
rotating beacon transmitter has been developed by the 
Marconi Company which employs the extended aerial system 
described on page 40. A general view of the aerials and 
 reflectors-as installed at South Foreland Light House is shown 
in Fig. 210. The complete aerial system, and hence the polar 
diagram of radiation, is arranged to rotate at a constant 
speed and makes a revolution in two minutes. During the 
rotation a series of signals are transmitted, each signal being 
associated with a certain direction of the beam, so that a ship 
at sea listening to the signals has only to note what characters 
are transmitted when the strength is at its maximum in order 
to be able to plot her bearing from the beacon. This method 
of operating a rotating beacon has been used in other systems, 
but the advantage of the extended aerial beam is that it is 
very sharply defined. A disadvantage is that the wave 
length is in the neighbourhood of six metres which makes it 
impossible for ships to use their standard receiver, although 
the special gear required is very simple in design. 

A sketch of the aerial and reflector system is shown in 
Fig. 211. Two lines of aerials are fitted with a reflector | 
between them, the second set of aerials being available, if 
required, for radiating a second beam in the opposite direction 
and with a different series of characteristic signals if necessary. 
There are eight aerials in each line, of the type illustrated in 
Fig. 36 (d), namely one wave length with a half wave coil at the 
centre. The coupling from the feeder system is electro- 
magnetic and hence it is necessary to feed into the aerial 
circuit at a point where there is a current antinode. For this 
purpose, a quarter wave length coil is added at the bottom 
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of each aerial and connected to earth as in Fig. 211, the feeder 
system being coupled near the base of the coil. 

The spacing of the aerials in the line is not important, pro- 
vided that it does not exceed half a wave length, which is the 
theoretical maximum allowable. In this case, the distance 
between adjacent aerials is slightly less than half a wave 
length. The spacing between the line of aerials and the 
reflector wires is a quarter wave length and sixteen of these 
are fitted, equally spaced. As in the case of the aerials, the 
reflectors are in two “‘tiers’’ but no half wave coil is fitted 
at their mid points. The two halves of the reflector wires 
are insulated at the centre, and at the top and bottom, and 
each section is half a wave length long. 
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Fig. 211.—Aerial and Reflector System of Marconi Rotating Beam, 


The whole framework is 76 feet long by 30 feet high and the 
cantilever base is supported on two trolleys running on a 
circular track consisting of a single rail with a 20 feet radius. 
There is no centre pivot for the base but it is held laterally 
by four steel wheels, arranged as shown in Fig. 212, to run 
horizontally round the outside of a central steel tube which 
forms the axis of the rotating parts. By this means, rigidity 
is obtained together with freedom to rotate and the whole 
structure is secure against heavy gales. The drive is. by 
chain from a 1 H.P. motor. On the underside of the canti- 
lever is built a horizontal ring, channelled on its upper edge 
and some 30 feet in diameter, and concentric with the axis 
tube. This ring carries the driving chain and also has fixed 
to its periphery brass contact pieces which engage with a con- 
tactor device for signalling. Since the signalling contacts 
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are integral with the rotating aerial system, the signal trans- 
mitted must always coincide exactly with its appropriate 
beam direction and the actual speed of rotation is not very 
important. 
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Fig. 212.—Mounting of Aerial System of Marconi Rotating Beam, 


The Bellini-Tosi Radiophare. Although the B-T 
system has been referred to up to the present, only with 
regard to reception, the directive properties of the system are 
equally applicable in the case of transmitted energy although 
it is not incommon use for this purpose. See various articles 
by Bellini and Tosi, in the Bibliography and also one by 
F. Kiebitz (39). 

The R.A.F. Directive Transmitter. The Robinson 
system has been adapted by the Royal Air Force to directive 
transmission whilst still retaining the same distinctive features 
which arejdescribed on page 79 in connection with the directive 
receiver (212), ; 


CHAPTER 9 
NIGHT EFFECT AND OTHER FREAK PHENOMENA 


In Chapters 3 and 5, and also in the installation chapters . 
which follow, a number of possible causes of error in observed 
bearings are mentioned, together with the corresponding 
methods which should be adopted to reduce them to within 
reasonable limits. The most important of these are local 
screening and masses of conducting material near the aerial 
producing distortion of bearings, which is detected when 
checking the installation by means of bearings on distant 
stations, or on a portable transmitting station. Errors of 
this nature may often be reduced by the methods described 
on page 328 under “‘ Calibration.” 

Vertical and Direct, both of which produce what may be 
called a dilution of the directive receiving property of the 
system, but which are nevertheless easy to detect and eliminate. 

In addition to these errors which are associated with the 
receiving system or the site of the station, there are a number 
of other factors which give rise to incorrect bearings, some of 
which are at present beyond our control. The chief of these 
are : 

(t) Coast Refraction, or deviation of the direction 
of travel of the electro-magnetic wave on crossing 
obliquely a sudden change in the nature of the earth’s 
surface. | 

(2) The series of phenomena to which has been given 
the name of ‘* Night Effect.”’ 


COAST REFRACTION 


The effects of refraction in the case of light waves will be 
familiar to almost everyone. If a pencil be held so that a 
part of it is beneath the surface of some water, then, from 
most viewpoints, the pencil will have the appearance of being 


238 


“< 


the men march on their new 


COAST REFRACTION 


bent at the point where it enters the water. . The effect is due 
to the fact that light travels more slowly in water than in air 
and when the rays of light, reflected from the pencil, leave 
the water the change in velocity results in a change in the 
direction of the rays. We may be excused for including at 
this point an elementary analogy of the process of refraction 
which explains the effect very clearly. 

Suppose a number of men to be marching in line, in the 
direction of the arrow Pin Fig. 213, on smooth ground and with 
a speed of four miles per hour. The line X Y represents the 
boundary between the smooth ground and an area where 
marching is difficult and over 
which the speed falls to three | if , 
miles an hour. SMOOTH GROUND 

When the -lnée of men 
reaches the position (bd), those 
who have crossed the bound- 
ary are seen to be falling be- 
hind owing to their reduced 
speed. At (c) the effect is 
more noticeable still and at 
(d@) the whole line are now 
marching at the reduced 
speed, and a permanent de- * 
viation in the front has taken 
place, and also a change in 
the direction of marching if 


gous 


Fig. 213.—Analogy illustrating 


front. Refraction. 


Such a deflection from the normal direction of travel is 
almost exactly analogous to refraction, and it is clear that the 
effect 1s produced by a change in velocity at the boundary 
of the two media. In the special case when the line X Y is 
parallel to the line of men who are marching, then no refraction 
effect is noticed since all the men cross the boundary simul- 
taneously. 

So far as the refraction of light is concerned, the whole subject 
is well known and amenable to mathematical and experimental 
proof, a very simple relation existing between the angle of 
deviation of the light ray and the ratio of the two velocities in 
the different media on either side of the boundary surface. 

It might not be anticipated, on first thoughts, that any 
such effect would exist in the case of electro-magnetic waves, 
since they are usually considered to be propagated through 
the ether and over the surface of the earth, so that the change 
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in the nature of the earth’s surface would not have any material 
effect. Both light and wireless waves are, however, propagated 
in the ether and in both cases it is a secondary effect, such as 
absorption, which causes the change in velocity. . In the case 
of light we know, further, that lights of different colours— 
that is to say, of different frequencies and wave lengths— 
undergo refraction to varying extents, and it is owing to this 
fact that it.is possible, by means of a glass prism, to split up 
white light into the spectrum colours. 

A considerable amount of theoretical work has been done 
to determine to what extent electro-magnetic waves, pro- 
pagated over the earth’s surface, should be susceptible to 
refraction, and there is now abundant experimental proof of 

the theoretical results 

which were arrived at. 

Consistent deviations of 

from 4° to 5° were noticed » 
ae by» TD; Ly - Eckersley 

a TRANSMITTER Palestine (164) in the case 

of waves which crossed 

the sea shore at an acute 

angle, and, just as in the 

case of light waves, the — 

amount of refraction was 

also found to vary greatly 

with the wave length when 

the latter: was‘'small, al- 

- though above 2,000 metres 

ig. 214.—Effect of Coast Refraction. he states that the refrac- 

tion seemed to be almost 


independent of the wave length. 

Without going into details of the exact physical cause of 
the change in velocity of the electro-magnetic wave when it is 
trailing over different types of soil or over water, we may note 
that both experimental and also mathematical analysis indicate 
that the velocity over sea is from 2% to 5% greater than that 
over land. | 

Fig. 214 illustrates a case of coast refraction and its effect 
at a shore direction finding station R, on the observed bearing 
ofa ship at T. The direct path from T to R is the line TPR | 
but, owing to refraction, the wave front is deflected at the 
coast, with the result that the actual ray which reaches the 
frame aerial has travelled by the path TP:R, making the 
apparent bearing 5° too great. f 

The same type of error has been seen to exist (page 210) 
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inthe case of bearings taken by ships, of shore transmitting 
stations; the effect being that in certain sectors there is a 
distortion of the wave front which results in incorrect bearings 
being obtained, just as intervening coast line may affect 


bearings taken at a shore station. 


Effect of State of Tide. A curious type of variable error 
has been observed by the British Post Office at their D.F. 
station at Cullercoats on the North-East coast. The true 
bearing of North Foreland W.T. station (GNF) from Culler- 
coats is 154° and the path of the wave runs within a degree 
or two of being parallel to, and also just grazes, the coast line 


near the D.F. station. The mean results of a large number of 


a 


observations show that at high tide the apparent bearing of 


GNF is 152° 75°; at half tide it is 152°7° whilst at low tide it 
iS I51°5°. : 

Bearings on stations, the direction of which, from Culler- 
coats, are such that the path of the wave makes an angle with 
the coast line of more than 3°, are found to be unaffected by 
the state of the tide. 

It is interesting to note that Baumber and Zenneck in experi- 
ments carried out at German coastal D.F. stations with the 
express purpose of examining errors, found no tidal effect 


whatever although refraction was very marked (331). 


Allowances can sometimes be made for these coast refraction 
errors, but this is difficult since the errors vary with the 
distance between the coast and the transmitting and D.F. 
stations, so that whenever possible, sites, at which such con- 
ditions are found to exist, should be avoided. 


NIGHT EFFECT 


The series of phenomena to which the above name has been 
given constitutes one of the most important subjects for 
research in wireless direction finding at the present time. As 


_ the name implies, the effects—on the wave lengths normally 


used for wireless navigaticn—are only prevalent during the 
dark hours, but the resulting errors in bearings, as measured 
by a simple frame (or its equivalent) are frequently of su 
magnitude as to render D.F. work impracticable. 

Present day investigations into the propagation of very 
short waves seem to show that some modification of our ideas 
on “night effect’? may be required. In Direction Finding, 
however, we are not yet greatly concerned with very short wave 
lengths, and the statements attributed, in this chapter, to 
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various authorities must not be taken as applying, in general, 
to waves below 300 metres. 

It has been noticed, since the early days of directive recep- 
tion, that the minimum points sometimes become indefinite 
at night, making the operation of obtaining accurate bearings 
very difficult. A further effect which was noticed was that 
the bearings of known transmitting stations were often unmis- 
takably wrong, and that the errors might be anything up to 
go degrees in extent. This trouble has remained a problem 
right up to the present time, and although methods of greatly 
reducing, or in some cases totally eliminating, the effect have 
seemed at times to be within sight, most commercial direction 
finding stations, when night effects prevail, make a point of — 
either ceasing work or at least issuing a warning that bearings 
should be treated with a certain amount of suspicion. 

It is providential that the presence of night effect can almost 
always be detected by experienced operators, and it will be 
shown later that, by means of the heart-shaped diagram of 
reception, the various conditions of night effect may usually be 
recognised. 

Symptoms of Night Effect. The principal ways in which 
the presence of night effect makes itself known, when using the 
figure eight reception, are as follows: © 


(2) Minima are indefinite but the bearing is correct on 
taking a swing bearing and matching intensities on either 
side of the impure minimum. | 

(0) Minima are crisp but displaced. 

(c) Minima are indefinite and displaced. 

(d) In the case of reception from a spark station, a 
change occurs in the character of the note on passing 
through the minimum point. 

(ec) When position finding by means of cross bearings 
during night effect periods, a total inability to get inter- 
sections is not uncommon, and the “cocked hat’ may 
be ridiculously large. 

(f) Rapid variations take place in the intensity of signal 
strength, which falls at times to zero. 


Types (a), (c) and (d) are not dangerous in that they are 
recognisable, but type (0) can only be detected (when using 
ordinary figure eight reception) by taking check bearings on~ 
stations, the true bearings of which are known. Even this 
type of checking will-not always show up the effect, since, 
as we shall see later, the extent of the error is dependent upon 
the transmitted wave length and also on the distance between 
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the transmitting and receiving stations, so that one station 
may exhibit the effect whilst another does not. 

Investigations of Night Effect. As would be supposed, 
the existence of these extreme variations in apparent bearings 
has attracted the attention of wireless engineers in this country, 
in the United States and on the Continent. The references 
to a large number of published accounts of this work are to be 
found in the Bibliography, but there is not space here to deal 
in any detail with all the tests which were made. 

In England the earliest records were published immediately 
following the European War by Round (154) and Wright 
(156). Unfortunately, although based on four years of 
- D.F. work and wide experience, neither of these published 
accounts gives actual tabulated data on the subject of variations 
in bearings, though both agree that night variations are more 
pronounced on Continuous Waves than on Damped ones. 
Wright adds that the presence of night effect can usually be 
distinguished on Spark signals since in this case a sharp dis- 
placed minimum is exceedingly rare. In America, Taylor 
_ (152) in 1919 observed errors on Continuous Waves, of 4,000 
to 16,700 metres, varying from a few degrees up to nearly 
go degrees and stated that, in general, variations were greater 
on longer than shorter wave lengths when the distances were 
great. Ata distance from the transmitter of 250 miles, mostly 
over land, he observed errors of 30 degrees on spark transmission 
with a wave length of 1,500 metres. | 

In 1920 Kinsley and Sobey (169) in America stated as aresult 
of tests that Continuous Waves of 4,900 to 17,300 metres 
showed greater errors when under the influence of night 
variations than did Spark transmission on 960 metres to 5,700 
metres. Errors up to 50 degrees were observed, at distances 
varying from 40 miles to 7,500 miles, and a number of cases 
occurred during the tests when no definite minimum could be 
found during bad periods of night variations. This effect 
was noticed on both Spark and C.W. transmissions. Kinsley 
and Sobey give details of a number'of different types of night 
effect which they observed and make suggestions as to the 
possible mechanism of the distortion of the wave, including 
the possibility of the Heaviside Layer being the cause. 

In rg21 Eckersley (187) introduced his theory of the cause 
of night effect and this is discussed later in the chapter. He 
also states that whilst in northerly latitudes, such as England, 
the variations are the most acute during the period around the 
time of sunset; in places further south, such as Cairo and 
Salonika, the variations continue through the night and are 
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on the whole more violent. Eckersley also considers that 
above 300 metres, the variations appear to be about the same 
on all wave lengths, as far as 5,000 metres, but are never 
observed at ranges of less than about 20 miles. Errors up to 
25 degrees were observed. It is not stated whether the 
transmissions were all on C.W. or not. 

In 1921 G. M. Wright and S. B. Smith (196) gave the results 
of night effect observations in which errors of -+go° and 
—~go° were noted on wave lengths of 5,000 and 6,000 metres 
Continuous Wave transmission. These tests are discussed in 
greater detail on pages 259 and 267. 

In 1922 Pickard in America carried out observations at 
Otter Cliffs, Maine, on the variations in apparent direction of 
European stations (207) and found that the average night 
variation on Bordeaux and Nauen was 12 degrees. He also 
noticed that the errors on San Diego were greater than on the 
European stations. A display of Aurora which took place 
during the trials had no appreciable effect upon the strength 
or apparent bearing of the signals from Europe. 

Mesny, in 1922, in France, observed errors in bearing up to 
go degrees on C.W. stations, of 10,000 to 25,000 metres, at 
ranges of 200 to 600 miles over land. Spark stations at a 
distance of 30 miles over land exhibited errors up to Io or 15 
degrees on wave lengths of 600 to 1,000 metres. On the 
Spark stations it was at times impossible to take bearings at all 
owing to the flatness of the minima. Mesny expresses the 
opinion that the observed differences between the behaviour 
of Spark and C.W. transmission is due to a wave length 
effect and not to the damping of the wave (220). 

During 1922 and 1923 the Radio Research Board (293) 
made a series of investigations on wave lengths of 450 and 600 
metres on both ship and shore stations, the tests being carried 
out by R. L. Smith Rose, who summarises the results as follows : 
“The general conclusion drawn from the experiments is that 
when the path of the transmission is entirely over sea and ina 
direction making an appreciable angle with the coast line so 
as to be free from coastal refraction effects, the accuracy of 
radio direction finding is sufficient for many navigation pur- 
poses up to ranges approaching 100 miles. Observations 
taken on various land stations with Spark transmitters on 


wave lengths of 450 and 600 metres show that for greater > 


distances over sea, the variable ‘night’ errors encountered 
are of amuch higher order. When the propagation of waves is 
entirely over land the corresponding variations are encountered 
at shorter distances.”’ 
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A further paper by Smith Rose (Radio Research Board) 
(308) in 1925 described tests which involved the taking of 
some 10,000 bearings on a large variety of wave lengths and 
on Spark and C.W. stations with a view to arriving at some 
definite conclusion as to the comparative reliability of the 
two systems of transmission during night effect. The opinion 
of the author was that the errors were equally likely to occur 
on either system, and that so far as the use of the D.F. for 
marine navigation was concerned, Continuous Waves whether 
modulated or not could be used in all cases where Spark waves 
had given good results, though it might be advisable to make 
further trials with regard to the pure C.W. transmission as the 
- evidence on this point was not conclusive. 

In a later paper by Smith Rose and Barfield (345) in 1926 
the authors give an account of C.W. errors of more than 360° 
on 386 metres and their error curves are shown in Fig. 233. 

The authors, however, regard this as exceptional in view of 
the fact that out of 164,000 observations made on another 
, occasion on Spark and Continuous Waves between 2,000 and 

_ 12,000 metres, only three cases were experienced of an error 
exceeding 90°. These tests are described in a Radio Research 
Board Report (298). 

Night Effect and Marine Navigation. [or the purposes 
of navigation of ships at sea it is clearly of the greatest i1m- 
portance to know exactly to what extent reliance can be placed 
upon D.F. bearings, and at the time of writing the situation 
‘may be summed up as follows. With Spark or Interrupted 
Continuous Wave transmission, up to distances of 100 miles 
over sea, the errors due to night effect will be very small and 
not usually more than two or three degrees. At greater 
distances, or over land, or on Continuous Wave transmission, 
bearings, when night effect conditions are prevalent, are 
unreliable when a normal closed coil or B-T Direction Finder 
is being used. 


AEROPLANE EFFECT 


A short investigation of what has been referred to as 
‘aeroplane effect’? may form a useful introduction to the 
main section of this chapter dealing with the possible causes 
of night variations in bearings. 

In Chapter 2 mention has been made of the way in which 
an abnormally polarised wave is radiated from the trailing 
aerial of an aeroplane, producing, in a direction abeam, a wave 
front of the form shown in Fig. 7. We shall show directly 
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that it is possible for a wave front of this kind, when arriving 
at a D.F. station with an angle of incidence which is not 
horizontal, to produce errors which vary from 0° to go° depend- 
ing on the degree of polarisation. 

In his paper “Direction and Position Finding” (154) in 
1920, Round gave an interesting account of the first observations 
of this effect during the European War by Adcock in France 
and independently also by Eckersley in Egypt ; and Eckersley, 
in his theory of the cause of Night Effect, attributes the errors 
to waves of much the same form as these aeroplane waves 
but which are radiated from normal shore aerials and which 
become abnormally polarised by external agencies.. 

Adcock has subsequently, in 1926 (345), given some details 
of his observations oh aeroplanes in 1918. Fig. 215 shows two 
positions of an aeroplane in flight, the bearing of which is 
being taken by a ground D.F. station. In both positions the 
aeroplane is flying at right angles to the line joining it and 
the D.F., but the direction of flight is reversed in the second 
case. The effect of this will be that the trailing aerial, as 
viewed from the ground D.F. ‘station, will, in position two, 
appear similar to that of the aeroplane in Fig. 6 and will 
produce a wave front as in Fig. 7 (Chapter 2). In position 
one, it will be sloping from left to right and will produce 
a wave front at the D.F. in which the lines of magnetic flux 
are correspondingly changed in direction. A series of bearings 
were taken on the aeroplane when it was directly over four 
villages, the distances of which were known, and the results 
are tabulated below. 


Error of bearing on aeroplane as 
recorded by direction-finder with 
Approximate Approximate revolving-loop aerial. 
distance of true bearing of 
Aeroplane flying over aeroplane from | aeroplane from | | wg 
direction- direction- Aeroplane in Aeroplane in 
finder. finder, position No. 1 | position No. 2 
(Fig. 215). (Fig. 215). 
‘ miles 
Village A 3 65° a ote 
Village B 4 67° 1 eea peek 
Village C 53 66° + 31° — 23° 
Village D 8 Ga: + 40° —- 


From these figures it will be seen that errors up to 40° 
are produced and also that the sign of the error is reversed when 
the machine is flying in the opposite direction. 
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Investigation regarding the waves radiated by aircraft have 
also been made by Baldus and Buchwald (176), Burstyn 


(178), Buchwald and Hase (174). 
A case of the reverse effect, 
namely, of an aircraft Se 


observing an error in the ap-  POS!TION | 


parent position of a ground Ae - Mee 
station, is referred to on page Kee : 
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_ Observing the behaviour of 
the closed coil D.F.when used 

under the influence of these 
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Fig.215.—Aeroplane Effect(Jour.I.E.E.). 


abnormal waves, it will be found that the positive and nega- 
tive errors can be accounted for in quite a simple manner. 
Relation between the Direction of Rotation of the 
Plane of Polarisation and the Direction of Rotation of 
the Apparent Bearing. The two extreme cases of a wave 
with a zenithal angle of incidence have been considered in 
Chapter 2, namely, horizontally polarised, and vertically 
polarised ; but it is interesting to notice how the position of 


the frame aerial changes, say f 


Fig. 216.—Position of Frame for Zero 

Magnetic Linkage with Normally 

Polarised Wave having a Zenithal 
Angle of Incidence. 


or minimum linkage, as the 


degree of vertical polarisa- 
tion of the magnetic field is 
gradually varied. Since this 
involves movements in three 
dimensions, plane diagrams 
cannot easily be adapted to 
illustrate the conditions at 
all clearly. The reader will 
find it far more instructive 
to take a book in one hand 
to represent the frame aerial 
and a pencil in the other 
to act as a line of magnetic 
force, and satisfy himself as 
to the conditions for maxi- 
mum or minimum linkage 
with various degrees of 
polarisation of the magnetic 
ithe. 

Suppose the pencil in 
position a, Fig. 216, to re- 


present the direction of magnetic force in a wave having a 
vertical angle of incidence and arriving in the direction of 
the arrow, the magnetic force being polarised normally, and 


247 


WIRELESS DIRECTION FINDING 


therefore horizontal and at right angles to the plane of pro- 
pagation of the wave. In such a case the position of the 
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Fig. 217——Compare Fig. 18. 


frame aerial, represented by the book, for zero linkage with 


the magnetic flux, will be as shown. 


Next consider the plane of polarisation to be rotated through 


Fig. 218.—Position of Frame for Zero Magnetic 
Linkage when Plane of Polarisation of Magnetic 
Force is in the Direction e, 
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a right angle to the 
direction 0, Fig. 217 
which represents 
the vertically polar- 
ised magnetic force. 
Then, for zero link- 
age, the book will 
also have to be 
twisted through a 
right angle. 

It is more impor- 
tant, however, to 
study the positions 
of the book for in- 
termediate _posi- 
tions of the pencil. 
In Fig. 218 the pen- 
cil in position c is 
shown rotated 
through 45°, back 
towards the original 
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position, and is hence midway between the positions a and 0. 
In this case it will be found that the book also has to be 
twisted through 45° in order to keep it parallel to the pencil. 
If, however, the pencil be rotated 45° in the reverse direction, 
as shown in d, Fig. 219, then the book must also be rotated 
by the same amount in the reverse direction to maintain 
zero linkage. 

The manipulation of a book and pencil in the above manner, 
for a short time, will make clear many points concerning the 
reception, by means of a simple frame aerial, of waves with 
varying degrees of polarisation, and it will be noticed par- 
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Fig. 219.—Position of Frame for Zero Magnetic Linkage when 
Plane of Polarisation of Magnetic Force is in the Direction d, 


ticularly that the degree and “‘ sense ”’ of the distortion of the 
apparent direction ofan incident wave is governed by the degree 
and ‘“‘sense’’ of the rotation, from normal of the plane of 
polarisation. 

If abnormally polarised wave systems of this nature actually 
exist, in addition to the ones radiated from aeroplane aerials, 
then T. L. Eckersley has proved that most of the symptoms of 
night effect can be explained. The indefinite minima, variations 
in signal strength, distortion of apparent bearing and other 
effects, may all result from the changing phase relationships 
between the normal direct wave from the transmitting station, 
and these abnormal waves which reach the receiving frame by 
other paths, and arrive with a zenithal angle of incidence 
and a component of vertical magnetic flux. 
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DIRECTION FINDING IN THREE DIMENSIONS 


From time to time there have been put forward apparently 
ingenious methods of finding the complete direction, say, of an 
aircraft transmitting station, by means of a system of frames 
capable of rotation in more than one plane. By “ complete ”’ 
direction-is-meant the vertical angle of the incoming signals 
at the receiving station as well as the horizontal angle. The 
futility of certain such devices can at once be appreciated from 
what has been said in this chapter concerning reception by 
frame aerials. 

To consider the case, as illustrated diagrammatically in 
Fig. 220, suppose that A is a frame aerial mounted in a vertical 


SYSTEM AS A WHOLE 
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Angles of a Source of Electro-Magnetic Waves. 


plane and free to rotate about a vertical axis. ‘To this frame 
is attached a base which supports a second frame B, which is 
free to rotate about a horizontal axis parallel to the plane 
of the vertical frame, as shown. Now, suppose it is desired 
to take bearings on a station from which the signals are arriving 
with a zenithal angle of incidence. Suitable receiving circuits 
being associated with the two frame aerials, the frame A is 
rotated until the minimum signal strength is obtained, when 
the centre line of the system X Y is assumed to be in the 
horizontal direction of the transmitting station. The frame 
B is then rotated in an attempt to obtain the vertical angle of 
incidence. 

If the wave arriving at the receiver is a normally polarised 
one, then, since the magnetic field will be parallel to the earth’s 
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surface, no signals can ever be obtained on the B frame, since 
there will be no linkage for any position of the frame. On the 
other hand, the A frame will give the correct horizontal bearing. 

If, however, the wave radiated is not normally polarised, 
which we have seen to be frequently the case with aeroplane 
transmitters, then the results will be still less satisfactory. 
The A frame will now have its position of minimum reception 
when its plane is in some direction X’ Y’, owing to abnormally 
polarised component in the received wave, thus distorting the 
horizontal bearing. 

Under these conditions both the normally and abnormally 
polarised components of the wave will be received by the B 
frame. The vertically polarised magnetic field will cut the 
frame in all positions except when at right angles to the 
vertical direction of incidence, so that, so far as this component 
is concerned, the correct vertical angle should be indicated. 
Owing to the fact, however, that the whole system is rotated 
from the correct horizontal bearing X Y to the incorrect one 
X’ Y’, the horizontal frame will now also be cut by the hori- 
zontally polarised magnetic field, thereby distorting the other- 
wise correct zenithal bearing. (These facts may be easily 
checked by a book and pencil in the manner indicated on 


page 247.) 


IONISATION OF AIR AND THE HEAVISIDE 
LAYER 


Before considering the construction of polar diagrams of 
reception for a simple frame under the combined effect of the 
normal and abnormal waves from the same transmitter, it 
will be of value to learn some of the explanations which have 
been put forward for the existence of these abnormal waves. 
When air is in a normal condition it is an almost perfect 
insulator, and has little or no appreciable effect upon electro- 
magnetic waves which are propagated over the earth’s surface. 
Under certain conditions, air, in common with most gases, 
assumes a conducting state and becomes “ ionised,”’ that is to 
say, the particles of the gas become charged, some positively 
and some negatively. This effect may be produced by an 
increase in temperature, by “‘X”’ rays, by the rays: from 
radium and similar materials, and from a number of’ other 
causes, chief amongst which is the ultra-violet part of the 
sun’s spectrum. During the daytime, therefore, from the 
last-mentioned cause, the air becomes partially ionised or 
conducting, hence slightly resisting or opaque to the passage 
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of electro-magnetic waves. Asa section of the earth’s surface 
passes into shadow at sunset, re-combination of the ions begins, 
and the rate of this re-combination is a function of the atmos- 
pheric pressure. As a result of this, the lower layers of the 
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Fig. 221.—Paths of Direct and Reflected Rays from Transmitter 
to Receiver. 


atmosphere become de-ionised rapidly, and there exists a 
fairly well-defined surface between the ionised and normal 
regions, which surface gradually rises after darkness has set 
in. Owing to the very low pressures at heights of, say, 50 
miles, the rate of re-combination is very slow, and it is probable 
that a stable condition of the surface is never reached before 
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Fig. 222.—Paths of Direct and Refracted Rays from Transmitter 
to Receiver. 


the sun rises and ionisation begins again. This ‘surface is 
known as the “ Heaviside Layer,” and suggestions have been 
put forward that it is sufficiently well defined to reflect the 
waves which reach it and so provide a second path from trans- 
mitter to receiver as illustrated in Fig. 221. (References to 
some 30 or 40 articles, papers, etc., on this subject will be found 


Fig. 223.—Multiple Reflection of Indirect Ray. 


in the Bibliography, one of which by A. Sacklowski (367) 
contains a list of 474 articles on electro-magnetic wave 
propagation. ) 

It is not necessary that there should be complete reflection 
of the wave; there may be a combination of reflection and 
refraction so that the direction of propagation is gradually 
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bent over as the wave penetrates into the ionised regions. 
This refraction occurs owing to the increased velocity of 
propagation through air which has a greater degree of ionisa- 
tion and the wave may even reach the receiving aerial without 
any actual reflection having taken place, as shown in Fig. 
222. Under certain conditions it is thought that the waves 
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Fig. 224.—Indirect Ray Not Travelling in Vertical Plane of Direct 
Ray and Reflected from Oblique Reflecting Surface. 


which reach the receiving aerial from a transmitting station 
at a long distance away, may experience a number of complete 
reflections between the earth and the conducting layer, as 
shown in Fig. 223 (309). Owing to the fact that the direct 
wave travels over the surface of the earth, it must arrive at 
the receiving aerial normally polarised, whilst the indirect 
wave may have its lines of magnetic force either horizontal, 
in the vertical plane of propagation of the wave, or at an 
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intermediate angle, and may hence give rise to errors in 
bearings. | 

Tilted Heaviside Layer Theory of Night Effect. A 
number of writers have put forward the suggestion that the 
errors may be caused by waves which do not travel in the 
vertical plane between the transmitter and receiver but which 
started out from the transmitter in a direction other than that 
of the plane of the receiver and arrive there owing to their 
reflection from the underside of a layer of ionised gas which is 
tilted at the appropriate angle (Fig. 224). It is possible that 
certain errors are produced in this way and that in a similar 
way reflection takes place from mountains, but many of the 
observed effects which take place during the period of night 
variations cannot be explained by this theory. It will -be 
shown later (page 275), that the minimum of the cardioid 
diagram remains clearly defined under almost all night effect 
conditions and this seems to indicate that the plane of propa- 
gation remains vertical and in the line joining the trans- 
mitter and receiver. 

Causes of Vertical Polarisation of Magnetic Field 
in Reflected Wave. Form of Transmitting Aerial. 
Certain types of transmitting aerial radiate a wave which has 
a vertically polarised component in its magnetic field; one 
such aerial is the common inverted L pattern. The portion 
of the wave propagated from this aerial over the earth’s surface 
in a horizontal plane is normally polarised, but that portion 
of the wave which does not leave the aerial in this ‘plane, but 
travels upwards, may have a vertical component of magnetic 
force and, on being reflected at the conducting layer just 
described, will reach the receiving frame and give rise to dis- 
tortion of bearings. 

Thus, in Fig. 225, A represents the progress of a portion of 
the wave front of-the normal wave between the shore ‘station 
shown and the distant receiving station. This wave can have 
no vertical component of magnetic field owing to the proximity 
of either the surface of the earth or sea (page 17). The 
portion of this normal radiation which leaves the aerial in a 
direction, making a zenithal angle with the earth’s surface, 
is shown by V;, and during the dark hours this wave will also 
reach the receiver by reflection from the Heaviside Layer, and 
may arrive normally polarised, or abnormally, according to 
circumstances. In addition to these two waves, there is also 
radiation from the horizontal portion of the L aerial, which 
will have its magnetic field vertical, as represented by Hy, 
and this wave, on reflection from the conducting layer, will 
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give rise to distortion of bearings. The effects of this latter 
radiation can never be noticed during the daylight hours, since 
it can only reach a ground receiving station at a distance by 
reflection, the vertical magnetic field being dissipated at the 
earth’s surface. 

In the early days of direction finding during the European 
War, K. Tremellen noticed that when taking bearings (154) 


on two different transmitting stations which were situated 


close to one another and working on similar wave lengths, 
but which had different types of aerial, the apparent bearings 


Fig. 225.—Method by which Abnormally Polarised Wave H, Radiated 
from Horizontal Portion of an Aerial, may reach a Receiving Station 
by Reflection. 


during the dark hours were several degrees different, whilst 
during the day they were the same. P. Franck in 1924 
mentions an-instance (276) of an apparent error in bearing 
of a ground station, as measured by a frame D.F., from an 
aeroplane in flight. The error was observed. to vanish when 
the aeroplane was in the same vertical plane as the aerial. It 
is interesting to compare this with Adcock’s observations, 
mentioned on page 246. 

A series of experiments carried out by R. L..Smith, Rose 
for the Radio Research Board (296) over a period of six 
months in 1923 did not provide a very definite confirmation 
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of these observations. Various types of transmitting aerial 
were employed, and the apparent bearing of the transmitter 
was observed by day and night, the conclusion arrived at by 
Smith Rose being that whether the transmitting aerial was a 
vertical one, an inverted L or the T pattern, the apparent 
bearings were consistent during the day and all equally erratic 
during the normal periods when night variations were present. 
He therefore formed the opinion that an absolutely symmetrical 
transmitting aerial from which no vertically polarised magnetic 
force is radiated, may still produce night variations to the 
same degree as an unsymmetrical one. 

Effect of the Earth’s Magnetic Field. It has been sug- 
gested that the earth’s magnetic field is partly responsible 
for the rotation of the plane of polarisation of an electro- 
magnetic wave (155). In passing through the ionised atmo- 
sphere the electro-magnetic wave may be assumed to impart a 
harmonic motion to the ionised particles, and this motion 
becomes distorted by virtue of the fact that it is taking place 
in the earth’s magnetic field. The new motion of the ions 
now reacts upon the electro-magnetic wave, and the result 
can be shown to be equivalent to introducing a vertically 
polarised component of magnetic flux. On investigation of 
this theory quantitatively it is found that the assumption of 
ionised air as a medium for the above-mentioned effects was 
ruled out by the fact that the effect of the earth’s field upon 
the motion of the ions was negligible. By a process of 
elimination Eccles has reached the conclusion that if the space 
were filled with electrons instead of ionised atoms, the earth’s 
field would produce an effect upon their motion which was 
quite comparable with the effect produced by an electro- 
magnetic wave. 


ECKERSLEY’S THEORY OF NIGHT EFFECT 


Relative Phases of E.M.F.’s Induced in a Receiving 
Frame by the Direct and Reflected Waves. The phase - 
of the induced E.M.F. in a receiving aerial, relative to 
the phase of the E.M.F. in the transmitting aerial, is a function 
of the wave length and the distance between the receiving 
and transmitting stations. In Fig. 226 the sine curve drawn 
from the transmitting station T to the receiving frame aerial 
R,x is to be taken as a measure of the instantaneous intensity 
of the electro-magnetic force in the path of the wave. It 
will be noted that the receiving station is ten complete wave » 
lengths from the transmitter. When discussing the method 
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in which a frame aerial receives in Chapter 2, we saw that 
when the flux in the wave was a maximum, the E.M.F. round 
the frame was zero, so that in the case illustrated the E.M.F. 
in R; is zero. Had the receiving aerial been, say, at Rz 
which is three quarters of a wave length further away from I, 
then, at the same instant, the intensity of the flux in the wave 
would have been zero and hence the induced E.M.F. a maxi- 
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Fig. 226.—Phase Relations of Transmitting Aerial Current and 
Receiving Aerial E.M.F., asa Function of Distance between the 
Stations and of Wave Length. 


mum. From this we see that the distance is a factor which 
governs the relative phases of the E.M.F.’s in T and R. 

In the lower figure we have kept T and R the same distance 
apart, but the wave length has been slightly reduced, and we 
now see that R is at a point of zero flux intensity, indicating 
thatthe <phase of the EMF. in R, relative to that in T, is 
also a function of the wave length. 

IO: Ui ey LiL 


Fig. 227.—Interference Effect between Direct and Reflected Rays. 


Referring again to Fig. 221, it is easy to see that, since the 
path of the reflected wave T H R is greater than that of the 
direct path T R along the surface of the earth, the two waves 
may arrive at R with any degree of phase difference, depending 
on the relative lengths of the two paths and also on the trans- 
mitted wave length. Fig. 221 may now be re-drawn as in Fig. 
227, in which the intensities of the electro-magnetic forces of 
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the waves are again shown in the conventional manner by means 
of sine curves.. -The two waves are here seen to be arriving 
at R, exactly 180° out of phase, so that, if their mean in- 
tensities are equal and if both waves are normally polarised, 
the E.M.F.’s which they induce in the receiving loop will be in 
opposition and no signals will be received so long as the 
condition lasts. A change in wave length, or a change in the 
length of the path of the reflected wave, will cause a readjust- 
ment of the phase relations at R, and signals will then be 
heard, the intensity varying from zero, in the case of phase 
opposition, to a maximum when the two waves are exactly 
in phase with one another. 

It is important to notice that if the reflected wave is normally 
polarised, no distortion of the observed bearing at R will 
take place, because the effect upon the vertical frame aerial 
of a wave with a vertical. angle of incidence is the same as 
that of the direct wave so long as the lines of magnetic flux 
are parallel to the earth’s surface. 

Phase Relations. Between the Components of the Re- 
flected Wave. It frequently happens, for one or other 
of the reasons which have already been suggested, that at 
night the reflected wave has its plane of polarisation rotated 
to some extent away from normal, and the consideration of 
the resultant effect of the direct and reflected wave upon the 
receiving frame is further complicated by the fact that the latter 
is not a “plane wave.’ By this is meant that, resolving 
the reflected wave into two components, one normally and the 


other vertically polarised (as was done in Fig. 8 in the case | 


of the direct wave), then these two components need not 
necessarily be in phase with one another. The effect is pro- 
duced by the imperfect reflection of the two components at the 
surfaces of the earth and Heaviside Layer, neither of which 
are perfect reflectors. It can be shown mathematically that 
the vertically polarised component always lags about 45° 
on the normally polarised component (187). | 
Summarising the causes of Night Effect according to Eckers- 
ley’s theory, we see that the following three component waves 
are all influencing the frame aerial during night effect periods : 


A. The direct, normally polarised wave. 

B. The normally polarised component of the reflected 
wave which produces the normal figure eight diagram, 
but which is not necessarily in phase with A. (Owing to 
the varying phase relationship between A and B, and also 
owing to their varying relative amplitudes, the resultant 
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polar curve of reception of the frame may vary greatly 
in amplitude, although the direction of the minimum 
remains correct.) 

C. The vertically polarised* component of the reflected 
wave which produces a figure eight diagram, having its 
minimum in the plane of the frame (90° in error). This 
component lags about 45° on B, and depending upon ‘the 
instantaneous phase and amplitude relations of the 
other two waves, A and B this component may cause 
very considerable distortion of the direction of the 
minimum of the simple frame. 


In subsequent parts of the chapter, when discussing the 
* mechanism ” of the distortion of the minimum by means of 
vector and polar diagrams, representing conditions met with 
in practice, we shall refer to the above three component waves 
by the letters A, B and C. 


SUNSET VARIATIONS IN SIGNAL STRENGTH 
AND BEARING 


It has been noticed for many years that the intensity of 
received signals undergoes very violent changes in the neigh- 
bourhood of sunset and sunrise. Cases are on record in which 
the apparent bearing of a transmitting station has made 34 
complete revolutions of the scale of the radiogoniometer within 
an interval of fifteen minutes, shortly after sunset. It has 
further been noted that the variations in the apparent bearing 
of the transmitting station which accompany these changes 
in signal strength are also very remarkable. A careful 
experimental study was made by Wright and Smith (196) in 
1920, on these sunset variations, using both figure eight and 
heart-shape reception, and an analysis of the results obtained 
seems to form a striking confirmation of Eckersley’s theory 
of night variations. | 

K. Stoye (234) claims to have observed the accuracy of 
bearings to be affected by moonrise and also by certain 
directions of the wind. | 

Experimental Confirmation of Theory of Night Effect. 
Fig. 228 illustrates a type of extreme variation in bearing 
which is sometimes exhibited by signals from C.W. trans- 
mitting stations, about the time of sunset, at either the 
transmitting or receiving station. In this case the signals 


.* See the note on page 31 regarding vertical polarisation of reflected wave. 
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were being received at Chelmsford, Essex, from the French 
high-power station at Lyons, reception being carried out on a 
B-T circuit with aperiodic aerials and a loose-coupled inter- 


. 
VARIATION FROM TRUE BEARING 


BRITISH SUMMER TIME AUGUST 7. 1920 


Fig. 228.—Example of Extreme Variation in 
Apparent Bearing. 


8-40 8-S0 


mediate circuit. 
It will be noticed 
that from about 
8.20 p.m. the ob- 
served bearing 
began steadily to 
decrease, and at 
8.50 p.m. was de- 
creasing at arate 
of about 8° or 10° 
per minute. At 
8.52 “pit 
bearing was near- 
ly 902-1 exter 
and as the mini- 
mum had been 
getting more and 
more indefinite it 


9-10 9-20 9:30 


rons (ARC) 


became practically impossible to observe the bearing for a 
period of three or four minutes. : 
The minimum then began to become more definite again, 


and was found to be 


tion and rapidly 
returning to nor- 
mal; so that by 
9.5 p.m. the bear- 
ing was almost 
correct again and 
had settled down 
to the usual slight 
night variation. 
Owing to the 
180° ambiguity of 
the simple frame 
diagram of recep- 
tion, itis, of course 
not possible to say 
whether the true 
performance is re- 


presented by Fig. 


abruptly from —go° to + go® and returning to zero. 


ANTI-CLOCKWISE VARIATION FROM TRUE BEARING 


almost go° in error in the opposite direc- 


8-40 8:50 9:00 9-20 9-30 
BRITISH SUMMEP TIME. AUGUST 7 1920 (LYons arc) 


Fig. 229.—Alternative Method of Plotting — 
Graph of Fig. 235. 


228 or Fig. 229, in which the error is 
shown steadily to increase to 180°, instead of swinging 
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pose, for example, that Fig. 230 shows the scale of a 
direction finder with pointer P, and that the correct bear- 


ing of a certain station is, say, I00°. 


phenomenon the bearing is found 
to be decreasing, and at the same 
time the minimum becomes in- 
definite, so that by the time it has 
rotated to some value 30° itis no 
longer possible to observe the 
minimum at all and signal in- 
tensity is more or less uniform all 
round the scale. The observer 
- now makes wide swings with the 
pointer about the correct value 
(r00°), and after a short interval, 
an indefinite minimum is found at 
about 170° on the scale, which 
bearing rotates still in the same 
direction and gradually becoming 
more sharply defined until the 
correct value of 100° is reached 
again. 


Owing to the above 


PERIOD 
OF INDEFINITE MINIMUM 


MINIMUM LOST AT 
THIS POINT 


OPPOSITE MINIMUM PICKED 
UP AT THIS, POINT 


~~ 


PERIOD OF INDEFINITE MINIMUM 
Fig. 230. — Illustrating the 90° 
Error Phenomenon as Plotted in 
Fig. 228 and Fig. 229. 


Now, in addition to the minimum corresponding to the 
correct bearing of 100°, there was the opposite minimum of the 
figure eight displaced 180° from this one, namely, at 280° on 


PERIOD OF 
SIGN OF ERROR INDEFINITE MINIMUM 


CHANGES AT THIS POINT. os 


MINIMUM LOST AT 
1S Pot 


TH NT 


PERIOD OF INDEFINITE MINIMUM 


Fig. 231.—Alternative Explana- 
tion of 90° Error. 


the scale, and this minimum will, 
of course, also rotate. During 
the indefinite period of no mini- 
ma, the apparent bearing may 
continue to rotate, so that when 
the minimum is again picked up 
at the value 170°, it is not the 
same one on which the original 
100° bearing was taken, but is 
actually the opposite (or 280°) 
minimum which has by this time 
rotated to 170°. On the above 
assumption, the graph of Fig. 229 
or that of Fig. 228 will be ob- 
tained according to whether, after 
the indefinite period, the bearing 
is observed by means of the same 


minimum as before or by the opposite minimum. 
Another possible explanation of the apparent discon- 
tinuity of Fig. 228, is that a change of sign of the error occurs 
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when the latter reaches 90°, as shown in Fig. 231, but 
until we have formed some idea of the “ mechanism” of 
the effect it is difficult to say definitely which of these ex- 
planations represents the true state of affairs. 

In Fig. 232 are illustrated two similar occurrences in the 
case of reception at Chelmsford from the 6,000 metre C.W. 
transmitting station at Clifden, Ireland. Measurements of 
signal strength were also taken and a marked reduction in 
signal strength is noticeable at the centre of each cycle of 
variation of bearing. In the second instance, at 9.4 p.m., the 
signal intensity actually fell practically to zero for a short 
period. 


CLOCKWISE ———> 


VARIATION FROM TRUE BEARING 


8 8 


<— -— ANTI- CLOCKWISE 


7:40 7-50 8-00 6-19 6-20 8-30 8-40 8-50 9-00 9-0 9-20 
BRITISH SUMMER TIME SEPTEMBER @8, 1920 CLIFDEN 
SUNSET CLIFDEN 7-25 SUNSET CHELMSFORD 6-38 
Fig. 232.—Another Example of Extreme Sunset Variations in 
Apparent Bearing. 


Fig. 233 is taken from a paper by Smith Rose and Barfield 
(345) which describes tests on the Adcock aerial system for 
eliminating night errors in bearings, the principle of action 
being mentioned on page 273. In the course of these tests 
complete rotations of the apparent bearing were observed 
on Bournemouth broadcasting station on a wave length of 
386 metres, the receiving station being situated at Slough. 

Mechanism of the 90° Error Phenomenon. A simple 
and very interesting explanation of the above effect is afforded 
by Eckersley’s theory. We will assume that a normally 
polarised direct wave (A), and also a reflected wave which has 
a normally polarised component (B), and a vertically polarised 
component (C), are being received on an ordinary frame. 
Now it is conceivable that owing to absorption effects, etc., the 
A wave may be reduced in amplitude until, at the D.F. station 
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its intensity is equal to that of the B component of the reflected 
wave. 

Smith Rose has observed (296) that it frequently happened 
in certain D.F. tests he was carrying out that the signal 


OBSERVATIONS BY SINGLE-COIL D.F. SYSTEM-O—°-*- 
OBSERVATIONS BY ADCOCKS SYSTEM 


40 


SUNSET 
1630 GMT 


160 


BEARINGS, IN DEGREES 


120 


9) 
TOOLS OS 10 35° 
TIME, G.M-T 
Fig. 233.—Complete 360° Rotation of Apparent Bearing of 
Bournemouth Broadcasting Station (Jour. I.E.E.). 


strength from a station during the day, when the search coil 
was in the position of maximum, was less than the strength 
at night when the search coil was placed in a position at reght 
angles to the maximum day position, and where it could, hence, 
only receive the C component wave. 

Furthermore, owing to the constant readjustments in 
height of the reflecting layer, which take place as the sun’s 
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light is withdrawn, the length of the path of the reflected wave 
is changing and, with it, the phase relations of the A and B 
waves. 

As the condition of phase opposition of A and B approaches, 
the intensity of signals continues to fall until, at a certain 
instant, the E.M.F.’s due to A and B are exactly opposite in 
direction round the frame and (supposing them also to be 
equal in amplitude) the signal strength will be a minimum. 
During this period of weakening, the E.M.F. due to the C 
component has been steadily taking more and more effect, 
until finally only this E.M.F. remains and the figure eight 
minima are go° in error. After passing through the phase 
opposition period, the resultant of the A and B E.M.F.’s begins 
to increase to a maximum again, the effect of the C wave is 
reduced, and the minima return to their normal positions. 

On drawing out the scale polar diagrams representing the 
events which are taking place, it is found that the minima 
continue to rotate in the same direction beyond the go° 
error as the A and B E.M.F.’s begin to get into phase again, 
so that by the time the cycle has completed, the bearing may 
be considered to have swung through 180°. The physical 
meaning of this 180° rotation is not very clear, and the 180° 
ambiguity of the frame reception, together with the indistinct- 
ness of the minima in the neighbourhood of this point, of 
go° error, makes it impossible to study closely this part of the 
cycle. | 

Owing to the transient nature of the factors which go to 
produce the above cycle of events, it is not surprising to find 
that it is not always completed in practice. Very frequently 
some alteration in the relative amplitudes of the component 
waves, or in the degree of polarisation of the reflected wave, 
abruptly interrupts the process and may restore the bearing 
to its normal value again. For this same reason it is prac- 
tically impossible to reproduce accurately any extended night 
effects by means of vector and polar diagrams, but the cycle 
described above, in which the observed bearing rotates through 
180° accompanied at one point by a marked diminution in signal 
intensity, may be shown fairly simply by the vectorial addition 
of a number of polar diagrams representing the A, B and C 
component E.M.F.’s. 

Graphical Representation of a Type of Night Effect. Let 
us assume that the B component of the reflected wave is equal 
in amplitude to the direct wave A. Further, let us suppose that 
the reflected wave has 30° of vertical polarisation of its 
magnetic field, so that, resolving it into. two components B 
and C, C=B tan 30° =0°577 B. In the starting condition 
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we will take B as being in phase with A, and then consider in turn 
the subsequent cases with B leading 30° on A, then leading 60°, 
and so on through the complete cycle of 360°. The C component 
will be taken as lagging 45° on B throughout, in accordance with 
theory (187). Before studying the resulting diagrams, which 
are shown in Fig. 236, it may be helpful to discuss the method of 
their construction. 


Example of the Method of Vectorial Addition of Polar 
Diagrams. As an example, consider the construction of the 
diagram of Fig. 230 Cy in POLAR curve oF A orn B 
which B is leading 150° on COMPONENT WAVES 
A... In Fig: 234 the large P 
wencure..cicht diagram. ,re- 
presents the amplitude of 
the E.M.F.’s induced in 
the frame aerial X Y (sup- 
posed fixed), by the A or 
B waves, for any hori- povar cunve or 
zontal angle of incidence. ° °°" "> 
To find the amplitude and 
phase of the resultant of 
A and B, for any particu- 
lar horizontal angle of in- ¢ : 
cidence O P, we must add ‘ eee \ 
the ordinates of A and 
B in that direction, taking 
due account of their  re- 
lative phase, which we have 
assumed to be 150°. 

In order to ensure that 
no confusion shall arise 
in the summation of the Fig. 234.—Polar Diagrams of the A, B 
various polar diagrams, it and C Component Waves, Using Figure 
is perhaps advisable to in- Eight Reception. 
spect a little more closely 
the variables with which we are concerned. The intercept Oa 
is a measure of the maximum E.M.F., which can be induced 
in the frame due to the wave A when the wave is arriving 
in the direction P O. This E.M.F. is, of course, a sinusoidal quan- 
tity which is varying with radio frequency, so that it is alternatively 
positive and negative in sign but it can never exceed in amplitude 
an amount represented graphically by the length Oa. The same 
applies exactly in the case of the B wave (taken as being equal to 
A in the example), so that Oa is also a measure of the E.M.F. in- 
duced by this component, and which may be called Ob. 

We took a case, however, in which Ob was leading in phase on 
Oa by 150°, and in Fig. 235 is shown the usual vectorial method 
of combining the ordinates with due regard to their phase relations. 
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The intercepts Oa and Ob are laid off so that Ob is ahead of Oa, 
in a counter-clockwise angular direction, by 150°. Completing the 
parallelogram, we get OR as a measure of the resultant E.M.F., 
due to A and B, and which is found to lead on the A E.M.F. by 75°. 
Referring again to Fig. 234, the smaller figure eight diagram 
represents the E.M.F. induced by the C component wave for various 
directions of incidence, and it is drawn with its minimum ordinate 
in the plane of the frame since C is a vertically polarised wave. 
In the same way as before, Oc is a measure of the maximum 
“amplitude of the E.M.F. due to the 
Tab a see a component, for the given direction 
of incidence of the wave, 7.e., PO, and 
the intercept Oc of the polar diagram 
must be laid off on the vector diagram 
(Fig. 235) in the direction shown, that 
is to say, lagging 45° on Ob. Oc and 
OR are now combined to give the 
final resultant OR, which ojos 
measure of the received signal due to 
all three waves, A, B and C. Continu- 
ing this process for, say, every 10° 
difference in the direction of arrival 
of the waves in Fig. 234, and drawing 
a vector diagram in each case, a re- 
sultant polar diagram can be plotted 
out as shown in Fig. 236 (f). 
Fige 235==Vector Diagrant We have tabulated below the results 
for Summation of A, Band Obtained from the diagrams of the 
C Component Waves. fourteen different phase conditions of 
the A and B waves, shown in Fig. 
236. The condition of B leading 270° on A is taken first, as this 
happens to be a condition of zero error : 
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ae 
_ ~~. 
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Phase Difference Rotation of the Signal Strength. 
between A and B. Fig. 8 Minima. Max. Min. 
B leading 270° we OCT SOF 1°43 0°58 
B 5 300° 5 SEnn Kole r'75 0°53 
B 2 330° + Pi haces I'9g5 05 
B and A in phase re Tr? wantG2e 2:0 4) Oats 
B leading 30° oy T6 ear Os” T-08>.-0:28 
B re 60° i 184° 1984° S40 gee 
B #3 go° 22° e202" I*51 2a Ow 
B F 120° 294° 200%° rI5° o28 
B 5 150° tt AGS 228° 075 0°40 “3 
B ‘3 105° a 684° 2484° 0°63. 0°25 
B bs 180° fie 0 mee 70. 0758 oo 
B 5 195° 1074" 287° 0°59 O21 
B ey 210° ue 293° 3093° 0°66 = 038 
B 35 240° ne 166° 346° I'02. 0°55 
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The scale of signal strength is based on a unity value which 
is equal to the maximum simple frame signal intensity of the A 


wave alone. 


% 
DIRECTION OF INCIDENT WAVES ~| 


V 


ae h) B Le e 
Go™=. CB GRAB oAS Pn 
(@) A Ano BIN PHASE es 
ye GQ) B LEADING 195° ON A 
(b) B LEADING 30° ON A (k) Bteapina 210° on A 
- | B LEADING 240° on A 


(c) B LEADING 60° on A ao 
ae, (ut) B LEADING 270°ON A 
(d) B cLeapinc 90° on A | \ 


(e) B Leapine 120° on A 


: 


(un) B LEADING 300° on A 


(f) B LEADING 150° on A es 
ve (0) B LEADING 310° on A 


(g) B Leaoinc i6s° on A 
Fig. 236.—Series of Theoretical Polar Diagrams Lllustrating the 
Result of Night Effect on Figure Eight Reception. 


Comparison of Theoretical and Experimental Graphs. 
In Fig. 237 the variation in bearing has been plotted against the 
phase relation of the A and B component waves, and a close re- 
semblance is found between the resulting curve and the experi- 
mental curve of Fig. 228. Aninteresting point is that the apparent 
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bearing is correct when B leads 270° on A, and it is 90° in error when 
B leads 180° on A; that is to say, three-quarters of complete 
phase cycle later. The apparent bearing then swings through the 
next go” in the remaining quarter of a cycle. In the experimental 
graphs, Fig. 228 and Fig. 232, the same effect is to be noticed to some 
extent, namely, a slow variation for the first go° rotation of the 
bearing and a rapid swing for the remaining go°. The change in 
signal strength with variation in bearing also compares fairly well 
in Fig. 232 and Fig. 237. 

The fact that the minima are sharp in the case of the theoretical 
diagrams may be accounted for by the fact that a particular case 
was assumed, for the sake of simplicity, in which the A and 
B waves were exactly equal; the result being that at the 

instant of phase opposition 
eo7, there remained only the 
small figure eight diagram 
of the C component field. 
In practice this would be 
an exceptional condition, 
and clearly any residual 
effect from either the A 
or B waves would combine 
with this C diagram and 
give a diagram in which 
the minima were very 
indefinite. The example 
must only be considered 
270°300 830° 0' 30° 60° 90° 120° ISO" ISO"210°240270" as illustr ating the very 
PHASE ANGLE BY WHICH B COMPONENT IS LEADING ON A simplest casé, without 
Fig. 237.—Results of Fig. 236 Plotted to taking account of the 
show their Resemblance to Fig. 228 and varying relative ampli- 
Fig. 232. tudes of the A and B 
component waves, reflec- 
tion from the earth’s surface at the receiver, or any possible 
secondary effects which are taking place. In spite of this, a 
marked similarity is noticeable in the curves. 


8 


VARIATION FROM TRUE BEARING 
4) 
°o 


SCALE OF SIGNAL STRENTH (DOTTED C 


+—— ANT1- CLOCKWISE 


Discussion of Fig. 232. Fig. 232 is a typical night effect 
graph (196), and is by no means an extreme case; compare, 
for instance, the example already mentioned on page 250, 
in which seven complete cycles occurred. A study of this 
graph (Fig. 232) reveals a number of very interesting points. 

The period of 1 hour 40 minutes over which the observa- 
tions were made may be divided fairly sharply into four 
distinct sections as follows : 


(a) 7.45 to 8.10 p.m.—Complete cycle of variation of 
apparent bearing, with reduction of signal strength 
corresponding to the theoretical reasoning stated above. 
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(b) 8.10 to 8.30 p.m.—Gradual displacement of the 
apparent bearing to 30° error and return to normal. 
(c) 8.30 to 8.50 p.m.—Bearing swings slowly from 
positive error to small negative error. 
(d) 8.50 to 9.10 p.m.—Complete cycle of variation of 
bearing in same direction as before with reduction of 
signal strength practically to zero. 

Since the observations were started within an hour of 
sunset, the Heaviside Layer might be assumed to be still rising 
fairly rapidly. Now, the time taken for each of the complete 
cycles of variation in bearing (a) and (d) was roughly 20 
minutes, and the two intermediate periods of variation are also 
~ of the same length, so that we may assume that each of the 
four periods corresponds to a complete phase cycle of the 
A and B waves. (Owing to other causes, only the first and the 
last period of rotation resulted in the complete go° swing.) 
If we may suppose, then, that the time taken for A and B 
components to go through a complete phase cycle is approxi- 
mately 20 minutes, then, knowing the distance between 
Chelmsford and Clifden to be roughly 740 kilometres and 
the wave length of Clifden to be 6,000 metres, we can find, 
either by calculation or graphically, the relation between the 
height of the reflecting layer and the speed at which it is 
rising. The length of the path of the reflected wave will, of 
course, have to increase by one complete wave length for 
each cycle of phase change of A and B. 

The rotations of apparent bearing in Fig. 233 are seen to 
follow one another at intervals of approximately 4 minutes, 
and it would naturally be expected that on the shorter wave 
length the time taken for the complete cycle of interference 
between the direct and reflected waves would be corre- 
spondingly less. 

Throughout the whole series of observations from which the 
curves in Fig. 228 and Fig. 232 have been chosen, it was noticed 
that the variations started comparatively abruptly, a short 
time after sunset, the exact period which elapsed depending 
on the relative positions of the transmitting and receiving 
stations. After a period of an hour or so of violent variations 
in bearing and signal strength, the conditions usually settled 
down to the normal night character or erratic variations 
of smaller degree (196). . 

The importance of these experimental results lies chiefly 
in the fact that they form a striking confirmation of the theories 
as to the part played by the Heaviside Layer in night varia- 
tions of signal strength and bearings. 
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APPLICATION OF ECKERSLEY’S THEORY TO 
OTHER COMMON TYPES OF NIGHT EFFECT 


Land and Sea. It has been noticed that when an expanse 
of sea separates the transmitting and receiving station, the 
night variations are usually not so violent as when the waves 
have to pass over intervening land. Mountainous country 
gives rise to very bad errors in bearings at night. This would 
appear to be due to the fact that over sea the attenuation of 
the direct wave A is smal] and hence the C component has less 
effect in distorting the bearing, since the amplitude of the 
resultant of the A and B waves (page 258) remains fairly large 
through all conditions of phase relation. On the other hand, 
over land—and particularly over mountainous country—the 
attenuation of the direct wave may be considerable, and the 
conditions described on page 264 may result, in which the C 
component, during the periods of phase opposition of A and 
B, is practically the only signal received, with consequent 
errors. 

Marking and Spacing Wave Discrepancies. An occur- 
rence which is by no means rare in the case of reception 
from a continuous wave station, which uses slightly different 
wave lengths for marking and spacing signs, is that the ap- 
parent bearings of the signals on the two wave lengths may 
differ from one another by as much as 30 or 40 degrees. At 
one moment they may both be approximately correct, and 
on making observations over a period of, say, half an hour, 
it will be noticed that first the one and then the other bearing 
will swing through a considerable angle, accompanied by 
changes in the definition of the minimum, 

Remembering that the phase relations of the A and B 
waves at a receiving station depend on the transmitted wave 
length, we can see a possible explanation of this effect. A 
series of variations similar to those shown in Fig. 236 may be 
taking place in respect of each of the wave lengths from the 
station, but owing to the fact that the distance between the 
receiving and transmitting station is not an exact multiple 
of both wave lengths the two cycles of phase relations are not 
in step with one another, and so one bearing may appear in 
error whilst the other is correct, and either or both may have > 
indefinite minima. The series of changes may be heard any 
evening when night effect is prevalent on listening to and 
noting the bearings of. almost any continuous wave station 
which employs a spacing wave. 
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Maximum and Minimum Distance Between Trans- 
mitter and Receiver for Night Effect. Since the height of 
the reflecting layer may be as much as 100 miles, it might be 
expected that night effect would not be experienced over short 
distances, since the reflected wave would have to travel very 
much greater distances than the direct wave and hence would 
suffer considerable attenuation, so that its effect would be 
reduced. Actually thisis found to be the case, and at distances 
less than about 15 miles variations are rarely if ever noticed 
to any appreciable extent. Another and still more probable 
cause is that, in the case of stations close together, the reflected 
wave must meet the reflecting surface almost at right angles, 
-and hence the greater part of the energy passes through the 
surface instead of being reflected and is so lost to the receiving 
station. 

With regard to the variations in bearings of stations at 
greater distances, opinions seem to differ somewhat. 

Eckersley states (309) that throughout a long series of ob- 
servations made by Tremellen, in various parts of the world, 
on stations at distances of the order of 7,000 to 10,000 miles, 
bearings at night were almost invariably correct and free from 
distortion. He goes on to say: “Sufficient explanation of 
this may be found in the fact that in order that signals shall 
_arrive at ‘R’ (refer Fig. 223) with a. high angle incidence 
the ray must proceed by many reflections and the higher the » 
angle of incidence the greater must be the number of reflec- 
tions. As a considerable amount of energy is lost at each 
reflection, it is probable that the high angle rays dis- 
appear after a few reflections and leave the normal ray un- 
disturbed.”’ 

Spark and Continuous Waves. It has already been 
mentioned that violent night variations are more prevalent 
on Continuous Waves than on Damped Waves, and according 
to the Eckersley theory one would expect this to be the case 
for the following reason. The analysis of a damped wave 
from a spark transmitter shows that the wave form is composed 
of a number.of component waves of varying lengths, and on 
the assumption that one, at any rate, of the causes of distor- 
tion of bearing is due to the varying phase relations of the A 
and B waves, it will be realised that only in exceptional cases 
can the condition of phase opposition of the direct and reflected 
Waves exist for more than a small proportion of the total 
number of component waves. The presence of night effect 
conditions can usually be recognised in the case of spark 
signals, since a sharp displaced minimum is rare. 
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Change of Note of a Spark Signal. The curious change 
in the character of the note froma spark station, which takes 
place as the D.F. aerial is taken through the direction of observed 
minimum when night effect is present, is a serious difficulty 
in accurate D.F. work. It may sometimes be almost impossible 
- to find the position of the minimum, since small swing readings 
entail the matching of two sounds which are quite different in 
character (154). The following is a suggestion which has been 
put forward to explain the effect. 

When night effect is present, the telephone signals are the 
result of the three component E.M.F.’s, due to the A, B and C 
waves, of which A and B have been seen to produce the normal 
figure eight polar curve, which changes sign as the plane of 
the frame moves through the direction at right angles to that 
from which the signals are arriving. The E.M.F. in the frame 
due to the C component, however, does not change sign at 
this point, but is, on the other hand, at its maximum ampli- 
tude. Exactly at the minimum point, therefore, the signals 
are due principally to the C wave, and the note is moderately 
clear. At a considerable angular distance on either side of 
the minimum the effect of the A and B waves together is much 
greater than that of the C wave, and they give a clear note. 
At the positions, however, on either side of the minimum 
where the A, B and C components all have effects on the 
signals comparable with one another, the note may be reduced 
to merely a hiss, and the reversal of the sign of the A and B 
waves will result in the combined wave form due to the three. 
components being sufficiently different on either side of the 
minimum to change the character of the note. 


THE ELIMINATION OF NIGHT EFFECT ERRORS 
IN BEARINGS 


Various methods have been suggested or patented for 
obtaining the correct wireless bearing of a transmitting station 
through periods of night effect, which are caused by the 
presence of vertically polarised magnetic fields in the reflected 
wave. The more important of these methods are as 
follows : "e 

Horizontal Frame. From what has been said on page 30 
it will be clear that a wave having vertical magnetic force 
will induce an E.M.F. in a frame which is in a horizontal 
plane. By a suitable circuit arrangement Eckersley (187) has 
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balanced the horizontal frame E.M.F. against the E.M.F. which 
is caused by the cutting of the horizontal limbs of the vertical 
frame by the vertical magnetic field. By this means the C 
component E.M.F. was eliminated and the bearings were 
always correct, although variations in signal strength still 
occurred. The system has not had any extensive applica- 
tion in practice (305). 

The ‘‘ Adcock ’’ Aerial System. In the earlier types 
of direction finders, such as those of J. Stone-Stone and the 
original Bellini-Tosi ar- 
rangement, the tops of 
the vertical aerials were 
mot connected by a 
horizontal member, but 
consisted simply of 
open aerials spaced 
apart a certain fraction 
of a wave length. The 
F.M.F.’s in the aerials 
were summed up in a 
separate circuit instead 
of in the aerial itself. 
The addition of the 
horizontal limbs and 
conversion of the aerial 
system to a rotating Vy 
frame simplified the L 
circuit, but introduced 

the night effect trouble 
due to- the reception § © \ 
of the vertically polar- WS 
ised magnetic field. Ad- 
cock. 2 ins his. patent, 
has returned to the 
older method for the express purpose of avoiding this trouble, 
and by also suitably disposing the lower horizontal limbs 
which connect the vertical aerials to the receiving circuits, 
he ensures that no vertical field can have any influence 
on the system. Fig. 238 shows the way ‘in which each 
aerial is connected, via the field coil winding of the radio- 
goniometer, to an earth connection at the foot of the opposite 
aerial. 

In a series of experiments with this aerial system Smith 
Rose and Barfield (345) found difficulty in getting satis- 
factory results with earthed aerials and so adopted Adcock’s 
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alternative scheme and used Hertzian aerials as in Fig. 239. 
The aerials were supported by four 40 feet high telegraph 
poles and the screened receiving hut was supported at the centre 
of the system. On wave lengths in the neighbourhood of 300 
to 500 metres, the arrangement was successful to an amazing 
degree in the elimination of night errors, and some of these 
results are given in Fig. 233 where the heavy line graph 
represents the errors in bearings as recorded by the closed 
coil D.F. and the faint line is the error curve of the Adcock 
system. The residual errors in the Adcock D.F. are in this 
es aden: case attributed, not to 
SUPPORTING HUT : seeeree || night effect, but to 
ag cg oeee e  8 We toe ok i local causes in con- 
een ASE ress eel nection with the site. 
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Tt o. “Ss : nected in opposition, 
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cag S “| 7 and spaced apart an 
tas iL ni] appreciable fraction of 
ips is a TELEGRAPH POLES ~~~! u a Wave length, the 
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Fig.239.—Alternative AdcockAerial(Jour.I.E.E.). Ing in the direction P, 


that is in the plane of ° 


the frames. This wave will induce an: E.M.F. in each frame, 
and since they are connected in opposition, the resulting E.M.F. 
in the receiving circuits will be that due to the varying inten- 
sity of the electromagnetic force in the wave at points spaced 
some distance apart in the path of the wave. 

Now consider a wave arriving in the direction Q, that is, 
at right angles to the plane of the frames. No E.M.F. will be 
induced by such a wave in either frame, since all the four 
vertical limbs will be cut simultaneously by the wave front. 

If, now, a wave arrive in the same vertical plane as the 
direction of QO, but having a vertical angle of incidence and 
vertical magnetic field, then the magnetic flux will cut the 
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frames, as shown by the dotted arrows. Equal E.M.F.’s will 
be induced in each frame, and since the frames are in opposi- 
tion there will be no resultant E.M.F. in the receiving circuits. 
Again, suppose a similar type of wave be arriving in the 
vertical plane of the frames, then since both the frames and the 
magnetic field are vertical, there will be no linkage with the 
frames whatever (132). 

Clearly this aerial system is immune from effect by vertically 
polarised magnetic fields, but the cost of such an aerial system 
and the space which the station 
would cover renders it impracti- 
cable for ordinary D.F. working. 

“A further difficulty is that of 
making any such system to work 
on a number of wave lengths. 
If the frames are spaced at the 
best distance for a 300-metre 
wave, the reception on 2,000 
metres would be very indifferent, 
and vice versa. 

The Heart-Shaped Diagram. 

In Chapter 2it was seen to be 
possible, by combining the 
E.M.F.’s induced in a frame and 

a vertical aerial under certain 
conditions, to obtain a polar dia- 
gram which has only one mini- 
mum, and that this minimum 

lies in the plane of the frame P 
aerial. Since this is the direc- Fig. 240.— Franklin and Weagant 
tion in. which the wave with a Spaced and Opposed Frames for 
vertical magnetic field also has Elimination of Night Effect. 
minimum influence upon a simple 

frame, a possible method of eliminating night effect is 
presented. 

In Fig. 241 suppose X Y to represent a plan view of a frame 
aerial and the arrow to show the direction of arrival of the 
three component waves A, B and C from a transmitting 
station, the aerial having been adapted by means described 
in Chapter 3 to give a heart-shaped diagram on a normal wave. 

The C component cannot be received by the vertical aerial, 
owing to the fact that its magnetic field is in a vertical plane, 
and hence the diagram obtained in respect of this wave will be 
‘the figure eight diagram C and not a heart-shape. The A 
wave will produce a normal heart-shape and the B component 
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will also give a heart-shape, as shown in the figure, with the 
same circuit adjustments as A, provided that the zenithal angle 
of incidence of the reflected wave is not too great. If this 
angle is as much as 50°, say, then from Fig. 242 it is clear that 
the number of magnetic lines of force in the wave which cut 

the vertical wire 


will not be pro- 
B WITH SMALL VERTICAL portional to the 
ANGLE OF INCIDENCE len gth a b, as in 


— the case of the A 


Bn So ee Wave, DUt wale 


proportional to a 
b’, which is the 
projection of a b 
at right angles to 
the direction of 
incidence of the B 
wave. The verti- 
cal wire E.M.F. 
will now not be 
great enough to 
give a true bal- 
ance on 3B 
though it will be 
correct for A, and the resulting diagram for B will be as 
shown dotted in Fig. 241, resulting in an impure minimum. 
There is good reason to believe, both from theoretical and 
experimental evidence, that the vertical angle of incidence 
is rarely sufficiently great to cause any appreciable difficulty 
in obtaining a heart-shape balance on both the A and B waves. 
If there had been more than one reflection of the B wave, 


DIRECTION OF 

INCIDENT WANES 

Fig. 241.—Polar Diagrams of A, B and C Com- 

ponent Waves, Using Heart-Shape Reception and 

when the. Reflected Wave has a Large Zenithal 
Angle of Incidence. 
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Fig. 242.—Reduction in Induced E.M.F. in Vertical Aerial when 
Reflected Wave has a Large Zenithal Angle of Incidence. 
276 


THE HEART-SHAPED DIAGRAM AND NIGHT EFFECT 


as shown in Fig. 223, then the angle of incidence would be 
ereater ; but we have already seen (page 271) that a large 
zenithal angle of incidence results in a very weak intensity of 
reflected wave. Certain directional receiving stations em- 
ploying the heart-shaped diagram do, however, experience 
this difficulty at times, but under average conditions the effect 
is uncommon. 

Fig. 243 shows the reception in a vertical plane of a combined 
frame and open aerial which have been adjusted to give a heart- 
shaped diagram. The vertical plane illustrated is that which 
includes the heart minimum and clearly shows that for a wave 
arriving in the direction of the minimum but with a large 
-zenithal angle of incidence there will be an appreciable degree 
of reception, although for a 30° angle the reception is hardly 
enough to upset the heart-shape minimum. A number oi 
three dimensional polar diagrams have been constructed by 
the author to illustrate the 
reception, by various 
aerial systems, of waves 
with a zenithal angle 
of incidence. In the case 30° 
of the diagram foranopen x 
aerial and frame combined 
to givea heart-shape, the 
distortion of the diagram 
as the angle of incidence 
increases is very clearly marked. See illustrations in reference 

260). 

Ecsite Representation of the Heart-Shaped Polar 
Diagram under the Influence of Night Effect. For the 
purpose of comparison with the series of polar diagrams for the 
simple frame under night effect conditions, shown in Fig. 236, a 
similar series have been drawn out to scale for heart-shape recep- 
tion. The conditions taken are the same as before, namely, the A 
and B components equal, and the C component equal to 0°577 times 
A or B and lagging 45° on B. The series is illustrated in Fig. 244. 

The first point to be noticed in the case of these polar diagrams 
is the impossibility of taking swing bearings about the minimum, 
owing to the unsymmetrical form of practically all the curves. It 
will also be seen that although a well-defined zero of signal strength 
always exists in the plane of the frame, a second minimum may 
also occur, and in the case when B is leading go° on A, this second 
minimum is also a zero value displaced about 44° from the correct 
value. This effect of two true zeros of signals occurs whenever 
the C component is in phase with the resultant of the A and B com- 
ponents. Under the same conditions, in the case of the figure eight 


277 


(@) xX 
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oolar diagrams Fig. 236, it will be noticed that true minima are 
obtained, that is, complete zeros of signal strength, but the direc- 
tion of the minima is displaced some 22° from the correct value of 
bearing. 

In Fig. 245 are shown portions of these two diagrams 236 (4) 
and 244 (a) to an enlarged scale and superimposed one on the other. 
The heart-shape curve is shown in full lines, and the figure eight 
dotted, and a curious fact is at once noticeable regarding the 
directions of the minima of the two diagrams, namely, that the error 
in bearing of the second heart-shape minimum is exactly double 
the error of the bearing given by the minimum of the simple frame. 
An illustration of a practical 
case of this effect to quite a . 
“marked degree is shown 1M  seconn wearTsHaPe 4a” 
Fig. 246 and will be referred aati WERROR ~~ 
to again. 

The example which was 
chosen to illustrate the 
graphical way of reproducing 
types of night effect polar sete ah ate a 
diagrams (Fig. 236 and Fig. 
244) was, of course, only one 
of an infinite number of pos- 
sible conditions, and in prac- 
tice a very large variety of 
effects may be observed which HEART SHAPE 
do not seem to coincide with Se 
any of the diagrams shown in 
these two figures. . 

Owing to the fact that the 
A and B waves have been j 
considered to be equal in Fig. 245.—Enlarged View of Part of 
amplitude, we see in Fig. 244 Fig. 244 (d). 

(h) that when these two com- 

ponents are in exact phase opposition only the figure eight 
diagram of the C component remains. In practice (as was pointed 
out on page 268 in connection with the similar set of diagrams for 
the simple frame) there is usually a slight residual effect, due to 
either the A or B component, which is large enough to prevent this 
true cosine diagram ever being obtained on the heart-shape circuit. 
The remainder of the diagrams, however, are all representative of 


night effect conditions of practical heart-shape reception. 


FIGURE EIGHT 
MINIMU! 
22° IN \ ERROR 


Comparison of the Simple Frame and Heart-Shape 
Circuit in Practice. It is very instructive to make a com- 
parison of the simple frame and heart-shape circuit during a 
period of pronounced night effect. In order to do this the 
heart-shape circuit should be adjusted during the daytime 
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on a station the bearing of which it is desired to observe, and 
preferably one which is known to exhibit night variations to 
a considerable extent. Provision must be made for switching 
out of circuit the vertical aerial so that the figure eight remains 
conRECT alone. In Fig. 246 and Fig. 

ae 247 are shown some of a large 

number of freehand sketches 

made by Wright and Smith 

ais during the set of observations 
mentioned above (196). In 

each case the dotted curve is 
the diagram of the simple 
frame and the full line is a 
portion of the heart-shape 
polar curve. The sketches 
3 can, of course, only roughly 
Fig. 246.—Figure Eight and Heart- represent the actual condi- 
Shaped Diagrams under Influence tions, but care was taken in 
of Night Effect. Freehand Sketches their reproduction and they 
during Actual Aural Reception. may be takén as a fair esti- 

mate of the truth. 

Fig. 246 is a type of diagram which is not at all uncommon. 
On many occasions observers have noticed the double minimum 
of the heart-shaped diagram, and in almost every Case, on 
rapidly switching on to the simple frame diagram, a well 
defined minimum was obtained about half-way between the 
positions of the two COD ier 
minima of the previous a NOEs Dhiba en 
circuit. gen 

The four sets of 
diagrams in Fig. 247 
show fairly plainly 
another characteristic 
of the heart-shaped 
diagram under the in- mu 
fluence of night effect. 
It will be noticed that 
in Fig. 247 (0), (c) and \ 
(Z2) the heart-shaped "\won' — 
diagram is very flat in 
the direction of rota- 


tion of the minimum of Fig. 247.— Further Sketches made during 
the figure eight dia- Aural Reception illustrating Asymmetry of 
stam, although the Heart-Shaped Diagram’ whilst Direction ofe 
portion of the curve Zero Reception remains Correct. 
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COMPARISON OF HEART-SHAPE AND COSINE DIAGRAMS 


on the other side of the minimum (marked %) is almost 
identical in all three cases. This same fact is also to be 
noticed in the diagrams of Fig. 244. 

Fig. 247 (c) shows clearly the great advantage of the heart- 
shape circuit, the minimum of the simple frame being a per- 
fectly well defined point of zero signal strength which is 90° 
in error, and Fig. 247 (d) is a very similar case. 

The inability to take swing bearings is undoubtedly a great 
disadvantage of the simple heart-shaped diagram, and aithough 
methods exist, in an experimental form, for producing polar 
diagrams which are symmetrical about a single minimum under 
all ordinary conditions of night variation, no simple practical 
-form has yet been devised which will be suitable for com- 
mercial D.F. work. 

Value of Heart-Shape Circuit in Detecting Presence 
of Night Effect. The chief function of the heart-shaped 
diagram in D.F. work remains that of determining “ sense,’ 
but it is also extremely useful in detecting the presence of 
night variations. The lack of symmetry is a valuable warning 
of the approach of night effect periods, and has always been 
observed to be quite pronounced on the heart-shape circuit, 
before the night variations have manifested themselves on the 
simple frame circuit, either by distortion or indistinctness 
of the minimum. A heart-shape circuit in a D.F. station 
thus affords a method of checking the figure eight results 
- from time to time to ensure that reliance is not being placed 
on clearly defined but incorrect minima. 
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Many of the factors of which account must be taken when 
erecting a shore D.F. station are common to all wireless re- 
ceiving stations, but a number of additional precautions have 
to be taken which are peculiar to this branch of reception. 
Having decided upon the locality of the station from the point 
of view of its zone of action, the neighbourhood must be 
carefully inspected for a suitable site, and, if possible, for one 
or two alternative sites in case the first should develop un- 
expected disadvantages when tried out. The direction of 
the meridian through the ultimate site must be known for the 
purpose of calibration, and the exact geographical position 
of the station is required to at least the same degree of ac- 
curacy with which it is hoped to operate the system. , 

The aerial system needs more than ordinary care in con- 
struction and special points arise in the installation of the 
recelving apparatus. Finally, the station must be calibrated 
to ensure that bearings are correctly rendered from all directions, ' 
avoiding wherever possible the necessity for anything in the’ 
nature of an “ error chart ”’ or “ calibration chart.’ 

Choice of Site (Zone of Action). It frequently happens 
that a shore D.F. station is situated at an aerodrome, 
or near to an existing coastal transmitting station, so that 
the-choice of site becomes simply a matter of suiting local 
conditions and.the technical considerations mentioned below. 
If, however, a number of D.F. stations are to be erected to 
guard a harbour entrance, or for the navigation of a difficult 
channel or an airway then the problem becomes one of obtaining 
the maximum accuracy over the greatest area with the smallesf 
number of stations. 

It has been seen in Chapter 7 that the best results are ob- 
tained when the “cut”’ from a pair of stations is at right angles, 
and that very acute cuts are of little value. On the other hand, 
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really good sites for D.F’. stations are rare, and valuable strategic 
positions, which would provide excellent cuts, are sometimes 
found to be either on rocky headlands which would be hopeless 
owing to screening and other errors, or on islands, where staff 
accommodation and land line communication present difficulties. 
The final arrangement usually resolves itself into a compromise 
between the navigational and technical ideals. 

Choice of Site (Technical). Considerable care is necessary 
in choosing a site for a D.F. station when first order accuracy 
is desired. A position in an open field in flat country, and 
with the nearest trees or buildings more than a wave length 
distant, is seldom realised in practice, although this may be 
‘considered ideal. When the site is cramped and buildings, 
etc., exist within a small fraction of a wave length from the 
station, there is every probability of errors being introduced 
in the bearings coinciding with the directions of these objects. 
After the station has been erected there are methods which 
will be explained under the heading “‘ Calibration ’’ on pages 
328 and 369 whereby the errors can often be reduced to a 
negligible amount; but these corrections should not be 
reckoned upon as infallible and every effort should be made 
to secure a clear site. 

The errors which are introduced may be of various types. 
If the station be erected within a short distance of a long 
conductor, such as a telegraph line or railway metals, there 
may be a deflection of a portion of the wave front in the neigh- 
‘bourhood of the station, or reception and re-radiation of 
energy from the conductor, which will give the station a 
greater apparent receiving power in one direction than any 
other, with consequent errors. This is dealt with on page 329 
under “ Quadrantal Error ’’ and an example of an actual 
error curve is given. Another example of a very large quadrantal 
error on a shore station is mentioned by Smith Kose and 
Barfield (259) in the case of an experimental rotating frame 
DF. erected at Aberdeen and which exhibited errors of + 16° 
and — 12° at points on the scale about 50° apart. This was 
almost entirely traced to the effect of an underground iron 
plate supporting a sewer duct under the site. Thesame writers 
also give the results of tests made with a portable D.F. at 
different distances from a set of telephone wires supported 
on poles. Beneath the wires, errors up to 70° were observed 
and these fell off rapidly with increasing distance but were 
still a few degrees at 120 feet distant. The errors were also 
found to vary from one instant to another, depending, it was 
thought, upon the circuit conditions of the telephone wires. 
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Large, and more or less compact, conductors or semi- 
conductors such as buildings and trees, situated at less than 
about a quarter of a wave length (the distance depending 
upon their size and nature), will produce screening and dis- 
tortion of the wave front from stations in their direction, with 
consequent errors in apparent bearings (35) (200) (230). 

Distortion of bearings also results from the re-radiation 
from tall metal chimney stacks, steel towers supporting wire- 
less aerials, lift cables or lightning conductors in tall buildings, 
which may have a natural period near to that at which the 
D.F. station is operating. 

Sudden changes in the nature of the surface of the ground, 
such as a line of rocks, produce errors due to reflection if they 
are behind the station, and a site chosen at the edge of cliffs 
or inland rocks can scarcely hope for reliable results until 
careful calibration has been carried out. A station erected 
on high ground near the edge of cliffs has been observed to be 
less accurate for long waves than short ones when the cliffs 
intervened between the D.F. and the distant transmitting 
station. For this reason it is advisable to put the station not 
less than a wave length distant from the cliff edge if possible. 

Apart from reflection errors there is also refraction or bending 
of the path of the waves whenever this crosses, at an acute 
angle, a discontinuity or change in the nature of the conduct- 
ing surface over which they are travelling. This type of error 
has already been mentioned on page 238 and the effects may, 
in practice, be of a very confusing nature, particularly where 
the path of the waves crosses a coast line. For this reason 
careful attention must always be given when calibrating a coast 
station which is to be used for directing ships at sea. 

The surface of the ground should always be as nearly level | 
as possible, otherwise the base members of B-T aerials may 
not all be the same distance from the ground, resulting in out J 
of balance capacity effects. This is of more frequent occur- 
rence in ship installations and is discussed on page 350. 

It should go without saying that the proximity of a wireless 
transmitting station may cause endless trouble by jamming 
or may Cause distortion if very close to the D.F. and tuned to 
the D.F. wave length or near it. 

Power mains are another frequent source of interference 
and D.C. mains are quite as bad as A.C. The DF. is usually ~ 
equipped with an amplifier having anything up to six valves 
and possibly audio frequency magnification as well, so that 
the ripples of current due to bad commutation in an adjacent 
D.C. main may easily produce considerable noise in the tele- 


284 


ee ee) ee 


D.F. ON TRANSMITTING STATION SITE 


phone receivers. This type of disturbance is almost fatal to 
accurate direction finding, as the noise will usually have a 
definite direction and upsets the taking of swing bearings. 
Providing that the offending machine be accessible to the person 
erecting the D.F. station, it is often possible to reduce the 
noise due to bad commutation of either a motor or generator 
“by means of condensers, lamps and chokes suitably connected 
across the brushes and to earth. Wherever possible power 
mains should be armoured and buried if it is necessary that 
they should be brought near to the station. 

Broadcasting receiving aerials should be treated with a cert ain 
amount of suspicion. Receiving aerials in the vicinity may 
- not cause errors so long as they are not tuned to the wave 
length on which the D.F. is working, but if they are so tuned 
a variety of troubles may ensue including errors in bearings 
and also distortion of the heart-shaped diagram. 

If the site be fairly large and bad errors are experienced 
at the first trial, further tests should be made until all the 
available situations have been tried out ; a change in position 
of a hundred feet or so may make very appreciable alterations 
in the errors, amounting to several degrees. 

The errors due to local causes are dealt with by J. Holling- 
worth and B. Hoyle in reference (168). 

D.F. on Transmitting Station Site. It may sometimes 
happen that a D.F. has to be erected on the actual site of a 
transmitter, and in such a case the best practice is to choose a 
_ position for the frame or the B-T loops which is as symmetrical 
as possible with respect to the main aerial and mast system 
and then to make trials. In some cases it is possible to get 
an all-round accuracy of within one degree under such con- 
ditions without the use of an error chart, but a good deal of 
ingenuity is required, particularly as the site may contain iron- 
roofed buildings, buried power mains, iron fencing and, of 
course, electrical machinery. In such a case provision must 
be made to disconnect the transmitting aerial at the leading 
in point every time a bearing is taken. It should be par- 
ticularly noted that the disconnection of the aerial at any other 
point, and particularly at its lower end where it is connected 
to earth, will usually be found to have little or no effect. ehe 
reason for this is that the aerial tuning inductances and other 
apparatus have such large capacities to the walls of the room 
and earth that appreciable currents are still produced in the 
aerial and cause violent distortion of bearings. A solenoid 
operated switch, with a two or three inch break, should be fitted 
close to the leading in insulator and controlled by an additional 
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contact on the ‘ Send-Receive’’ switch or by some other 
device which renders the operation automatic. If, as is 
usually the case, the solenoid switch be fitted with an “‘ economy 
resistance ”’ which is inserted in series with the magnet winding 
when the switch operates, this may conveniently be made to 
take the form of a lamp which is placed alongside the ‘‘ Send- 
Receive’ switch in the receiving room. The lamp then acts 
as a pilot lamp and, by not glowing, gives warning in case the 
isolating switch fails for any reason. Pe 

It must, however, be emphasised that if a D.F. station is 
intended for important work such as the supply of bearings to 
ships at sea, where lives depend on the accuracy and reliability 
of the installation, it is a wrong policy to erect the D.F. on a 
site which is in many ways utterly unsuitable and full of 
potential sources of distortion of bearings. 

Summarising, then, the following points should be taken 
into account when circumstances permit, and if reasonable care 
be taken in the selection of the site, no serious trouble need 
be anticipated : 


Railway metals. 

Telephone and Telegraph lines. 

Isolated trees or small groups of tall trees near the station. 
Tall buildings. . 

Cliffs. 

Coast line. 

Sloping ground under the aerials. 

Iron fencing or wire netting. 

Power mains in open or power wiring of building. 
Adjacent transmitting or receiving aerials. 
Electrical machinery of any kind. (Running.) 
Underground cables, metal drains or water pipes. 


Fixing the Geographical Position of the Site. In the 
British Isles the most simple method of finding the latitude 
and longitude of any place is by reference to the Ordnance 
Survey Maps or Admiralty Charts, but no other map should 
be used unless published by a reliable authority. Unless the 
site has been chosen in a particularly barren locality, there will 
rarely be any great difficulty in finding the exact position of the 
station on the Survey map but, where doubt exists, the survey 
map method of finding the direction of the meridian 
through the site, which is explained on page 415, may be 
adapted to find the position of the station by the “ triangula- 
tion’ methods of ordinary surveying. This process corre- 
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sponds exactly to that of a “ Fix by Cross Bearings on Short 
Range Stations,’”’ given on page 225, except that, of course, 
there is no movement of the ship to be taken into account 
and there must be no “‘ cocked hat ”’ when these optical bearings 
are plotted on the map. If the lines do not intersect exactly 
at ofte point, the bearings should be checked and re-checked 
until consistent results are obtained. 

When the importance of the station seems to warrant the 
action, the position of the site should always be checked by 
some other method than the map alone, though such extreme 
care will generally only be necessary for experimental stations 
or stations used by the Army or Navy for strategic purposes. 
-In countries where reliable maps on a suitable scale are not 
available, astronomical methods of finding the latitude and 
longitude are practically the only alternative. It must be 
remembered that nautical charts are procurable for all parts 
of the world, and in some cases a process of triangulation, 
using beacons, lights, etc., marked on the charts may give 
consistent results which enable the position of the station 
to be found when it is near the coast. In general the astro- 
nomical method is to be preferred and the direction of true 
North may be found at the same time. 

Correct Orientation of Station or Aerial System. 
In order that the bearings as determined by the D.F. may be 
true bearings, it is necessary to determine the plane Oleic 
meridian through the site, and then so to adjust the pointer 
of the apparatus that it reads 0° on the scale for signals incident 
from the direction of true North. In the case of small rotating 
frames it is not a very simple matter to make these adjust- 
ments as the electrical axis of the solenoid or box form of 
frame does not always coincide with the geometrical axis, and 
it is more usual to rely upon a calibration obtained by bearings 
taken upon transmitting stations, the positions of which 
are accurately known, or else a portable transmitting set is 
used. In the latter case it becomes necessary to know the 
true bearing of the portable station, and this, particularly 
in the case of coast stations, may conveniently be found by 
means of a theodolite or sextant by methods to be described later. 

In the B-T system, it is usual to erect the two frames in 
North-South and East-West directions respectively, after 
which it is a very simple process to make the necessary adjust- 
ments in the radiogoniometer in order that it shall read true 
bearings. 

Several methods of finding the direction of true North are 
described in Chapter 14 (pages 415 to 432). 


287 


WIRELESS DIRECTION FINDING 


Given a large enough number of distant stations on which 
to take bearings, or a portable transmitting station, the 
position of which can be found accurately for any required 
scale reading, there is no necessity to lay out the B-T aerials 
in any special directions ; but if unsuspected freak conditions 
are found to exist when tests are made, it is a great advantage 
to have a reliable standard for calibration. To take an example 
of this, suppose that a station had been erected without 
any regard to the direction of North. Bearings have been 
taken on a number of stations, and we will assume that the 


Fig. 248.—Triangular B-T Aerials with Single Mast and Corner Posts, 


oD, 


observed bearing of a station ““ A ’”’ was 31° and that of a sta- 
tion “ B” was 115°. On consulting a map or making the 
necessary calculations, the true bearings of ‘“A”’ and “B”’ 
from the station were found to be 65° and 149°. That is to say, 
the o” reading on the scale of the instrument did not represent 
North, but 34° East of North, since each of the bearings taken 
was 34° too small. This may be remedied very simply by 
adjusting the pointer of the radiogoniometer on the spindle 
until the stations read correctly on the scale, in exactly the same 
way that the hands of a clock are moved when it is found to be 
‘sfasti Ore, slow: 

Suppose, however, that in the case just considered, station 
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““B”’ had read 117° instead of 115°. In this case the error 
between, the true and observed bearings is 32°, which is not the 
same as the error of the ““A”’ station bearing. The pointer 
can no longer be adjusted with any degree of confidence, since 
it is not known which of the bearings is correct. Had the 
aerials been laid out accurately North-South and East-West, 
then this would have formed a basis for calibration and steps 
could at once be taken to investigate the bearing which showed 
a discrepancy. 


Fig. 249.—Triangular B-T Aerials with Central Mast and Four Short 
Corner Masts. 


THE B-T SHORE INSTALLATION 


A shore B-T station will usually take the form shown in 
Fig. 248, the two triangular aerials being supported from a 
single mast at the centre. There may be small masts to support 

.the outer ends of the aerials with a view to stiffening them 
or these outer masts may be high enough to give an appreciable 
super elevation of the outer ends of the loops, rendering them 
less liable to be affected by uneven ground or buildings and 
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also giving head room. These are seen in Fig. 249. Fig. 250 
shows a square form of loop in which four masts are used ; 
but this is not in common use owing to the cost and also because 
the single centre mast is quite effective. In certain sites 
it is inconvenient to erect a mast at the exact spot selected 
for the aerial system and may even be more practical to 
put up two masts in open ground on either side of the site and 
to make use of a jumper stay to sling the B-T aerials in the 
way which is sometimes used in ship installations. A similar 
construction may be advisable in the case of a transmitting 


Fig. 250.—Square B-T Aerials with Four Masts. 


station site, as already mentioned on page 285, and a sketch of 
such a scheme is shown in Fig. 251. 

Whatever may be. the type of construction decided upon, 
the station consists essentially of two frame aerials at right 
angles, with leads running from the centre points of the bases 
of the aerials to the receiving building, which is usually 
placed within a few feet of the aerials. : 

Laying out the Site of a B-T Station. Ifa theodolite, 
engineer's transit or sextant has been used for finding the 
direction of North at the site, the remainder of the work or 
laying out the position of the corner masts or anchor stakes, 
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etc., can be carried out very rapidly and requires no further 
remark. If, on the other hand, no optical instruments are 
available, it is still a comparatively simple matter to lay out 
the site by the methods of field geometry. Right angles may 
be measured off by this means to any desired. accuracy, and 
the use of ranging poles for the. purpose of alignment 1S one 
of the most accurate processes in surveying. 

Suppose that in Fig. 252 stakes have been inserted at O 
and N, marking respectively the proposed position of the 
mast and the direction of North from the mast. Replace each 


Fig. 251.—Triangular B-T Aerials Rigger from Jumper Stay between 
Transmitting Aerial Masts. 


of these stakes by a ranging pole (a straight wooden rod about 
six or seven feet long, an inch or so in diameter and having a 
point at one end so that it may be stuck into the ground). 
It will save further work if the distance O N has been made 
equal to the radius of the aerial anchors or corner masts. Now 
measure off OS equal to ON and insert a ranging pole at S$ 
in such a position that when the three poles are viewed in line 
from a considerable distance, the near pole completely eclipses 
the other two. A pair of field glasses may, with advantage, 
be used for this work, when a small fraction of an inch of error 
in the position of the pole 5 can be detected. 

The direction of the line E W can now be found in several 
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ways. From N and S, arcs may be struck with a radius of 
ON X 1/2 (t.€., 1°-414 X ON) which will intersect at the required 
points E and W; or use may be made of the fact that in a 
triangle, the sides of which are in the proportion 3: 4:5, 
the 3 and 4 sides enclose a right angle. These and various 
other methods of geometry are applicable and, having obtained 
the positions of E and W, ranging poles should be inserted 
at these positions and the line EOW inspected. If these poles 
are in alignment and if 
the measurements of the 
sides of the square and 
also of the diagonals are 
consistent, the lay-out 
will have all the accuracy 
required. 

The positions of the 
revo sme Mast > stay anchoresies 
marking sire rormasr Sent no difficulties. The 
angles between the aerials 
are bisected by measure- 
ment, and ranging poles 
inserted at the correcs 
SOUTH AERIAL radius for the anchors 


NORTH AERIAL 


s and checked for align- 
Fig. 252.—Plan of B-T Triangular ment. The same scrupu- 
Aerial System. lous care need not be 


taken in the case of the 
mast stays except for large permanent stations:but care in 
laying out the aerials is well repaid. 


AERIAL SYSTEMS: THEIR CONSTRUCTION, 
INSULATION AND METHOD OF SUPPORT 


Methods, more or less satisfactory, of rigging the two 
frames will probably present themselves to the reader who has 
had experience of the construction of any sort of aerials used 
in wireless work. Experience in practical direction finding 
work shows, however, that correct proportioning of the limbs 
of the aerials has a considerable effect upon the results obtained 
with the installation and some notes are given below on the 
dimensions and construction of the most common type of aerial 
used, namely, the triangular loop with the central mast 70 to 
100 feet in height. 

Triangular Frames. A number of factors govern the 
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height of mast to be used on a station, and the height of the 
mast, in turn, governs the rest of the dimensions of the frames. 
If the range of the station is to be small, and particularly if 
the station be a temporary one, a 35 or 40 foot mast will pro- 
bably be used. For longer ranges and stations of a semi- 
permanent nature a 70 foot mast is usual. Masts of 100 feet 
or more in height are generally permanent ones, and may be 
fitted with man halyards in order that the aerials may be 
rigged after the erection of the mast itself. The cost of the 
mast and the area of the site become great if high masts 
are used, and there is also the chance that the natural wave 
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Fig. 253.—FProportions of B-T Triangular Aerials. 


length of the frames and field coils may be greater than the 
minimum wave to be received. 

In Fig. 253 is shown a diagram of a triangular aerial in 
which the’ proportions of the various parts are as follows: 


H = Total height of mast. 

L = Length of outer limb of aerial. 

B = Length of base limb of aerial == H or not less than ? H. 

= Height of base member at foot of mast = about 

ro feet or less in the case of a very small mast. 

e = Elevation of base member at outer end = h on a level 
site and anything up to say 2 h or more to avoid 
buildings, etc. 


These proportions may be taken to represent average prac- 
tice in the construction of triangular frames, and taking 70 
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feet as the height of the mast, the actual dimensions of the 
aerials would be as follows : 


Heightiol mastic.) Pec eee sy eer et renee 70. feet 
Oitter limb of aerralc.s Sie kp nt anes OO: ee 
Beasetlimb:) 2.0 ue Aes a Ae cat ss Gone ee TOM 
Height of basé.atioot Ofanastrs') ce eg een TO7 ee 
Elevation ofouter end’ of base limb (4 2.5 1. rye} 


Total length of wire = 2 (70 + 90) 
= 320 feet in actual frame. 


In addition to this must be allowed ro feet at the top of the 
mast for the cross-over, and, say, 12 feet for each of the leading- 
in wires to the receiving room, so that the total length of 
wire required for each aerial is 320 + (2 X 12) + 10 = 354 feet. 

The natural wave length of such a loop is between two and 
two and a half times the length of wire. In the example just 
quoted the length of wire is 320 X 0°3048 = 97°5 metres, whilst 
the measured wave length was found to be 233 metres or 


oe 2°39 times the length of wire in the loop. 


Other electrical constants of the aerial are : 


Inductance ot,édch deep. er eee 164 mhy. 
Distributed capacity of each loop ....... o:00099 mfd. 
Capacity to earth of complete aerial .... 0:0017 mfd. 
D.C. resistance of each loop when using 

7/19 Silicon sronZze Wil Gi vies alae ee 0°65 ohm. 
H.F. resistance of each loop on wave 

lenethiol 1. O00 pietrestie. sie sci een 2°0 ohms. 


Construction of Aerial. Each frame should be made 
of a continuous length of wire which has no soldered joimts. 
This is desirable not only for mechanical strength but also 
because any joints which are not quite perfect may increase 
the resistance of the loop in which they occur, and give rise 
to out of balance effects when using tuned aerials. For the 
same reason the wire of each frame should be of the same 
material and gauge.. Any standard aerial wire such as 7/19 
or 7/22 silicon bronze is suitable for D.I. work. Although 
the span is rarely more than a fraction of that which occurs 
in the case of a large transmitting or receiving aerial, a strong 
wire is still desirable owing to the necessity for pulling the 
wires very taut after erection in order to prevent swaying in 
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the wind, with consequent production of mutual induction 
or variation in the strength of signals. | 

A convenient way of measuring off the aerials is shown in 
Fig. 254, which ensures the dimensions of all corresponding 
limbs being identical. Pegs P:, Pz and P3 are driven into 
the. ground on a level part of the site at distances apart deter- 
mined by the dimensions of the aerials. One end of the wire 
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Fig. 254.—Simple Method of Measuring off Wire for Triangular Frames. 


is made fast to P:, and the other to P3, the bight having been 
taken round P.. The other aerial is pegged out in the same 
way alongside, or on top of, the first, the lengths of the various 
parts of the loops are measured off and a seizing put round the 
wires at each point where a thimble is to be inserted. 
Provision must be made at the masthead for supporting 
the aerial cross-over insulator and also the strain insulators 
for the outer limbs of the frames. Fig. 255 shows a form of 
construction in which the two aerials are supported by porcelain 
strain insulators whilst the apexes of the loops are insulated 
from one another by means of a telegraph transposition in- 
sulator, which is either fitted 5 
to a mast cap or to aspindle / = 
which is screwed into the top 
ofthemast. Anannular mast 
cap fitted with four eyes is of 
used to support the outer limbs 
of the aerials and a similar 


of care is necessary toensure * 4 
that nothing fouls in the i 
process. Fig. 256 gives a 
method of crossing over the 
apexes of the two loops on a 
lattice tower. 


ring, just below this, takes the GAAS 
mast stays. If the mast is a a7, Ve 
light one and not fitted witha f RN 
man halyard, all this gear fd i \ 
must be fixed before the mast ae pe | 
is erected, and a good deal / i Yi 
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Fig. 255.—Masthead Arrangement of 
Triangular Frames on Light Mast. 
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Fig. 257 illustrates a way y: tying back the ends of the base 


AERIAL LOOP 


THESE TWO INSULATORS 
AT HIGHER LEVEL THAN 
OTHER TWO. SO THAT THE 
WIRES CROSS OVER AT 
CENTRE WITHOUT TOUCHING 


\ 
Fig. 256.—Masthead Arrangement of Triangular 
Frames on Lattice Tower. 


shrinkage when _ it 
becomes wet, and 
it OAL DT eve dares. Lo 
slackening during a 
dry spell. 

An alternative 
method of securing 
the outer ends of the 
aerial is by means of 
a small mast as in 
Fig. 248. This al- 
lows a larger aerial 
to be rigged on the 
same area and also 
reduces the swaying 
in the wind. In the 
case of diamond- 


AERIAL 


ROPE LANYARD 
IN DEAD EYES 


ANGLE IRON 


and outer limbs 
of the aerials. 
The rope _hal- 
yard may be re- 
placed by a rigg- 
ing screw (turn- 
buckle) if de- 
sired; but the 
aerial wire has a 
good deal of 
stretch 1am 
which means 
constant resplic- 
ing of a wire 
stay.) Apa 
from this, the 
occasion hardly 
warrants a rigg- 
ing screw. The 
aerlals should 
never be stayed 
back entirely 
with rope, even 
if tarred a¢ 
there will always 
bea Certagm 
amount: sg 
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Fig. 257.—Method of Anchoring Triangular 
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shaped aerials, the outer mast becomes almost essential. The 
diamond-shaped loop is not in general use except on sites 
where the ground is very uneven or where the aerials would 
otherwise run within a few feet of buildings, etc., in which 
case, if triangular loops were used, the difference in capacity 
between the earth and the respective base limbs would 
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Fig. 258.—Details of Rigging of Frame in Fig. 251. 


seriously affect bearings. This matter is dealt with in greater 
detail on page 356. 

Good insulation, especially with tuned aerials, is very 
necessary, and it is advisable to use porcelain throughout if 
possible. The “ dumb-bell’’ form of porcelain insulator 
shown in the above illustrations is a very satisfactory one, and 
an aerial constructed with these will usually have an insulation 
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resistance of 10 megohms under adverse weather conditions. 
Porcelain cannot be used in the case of portable stations as the 
breakages are too great, and in this case rubber-covered cord 
strop insulators make a good substitute. 

D.F. Aerials on Transmitting Station Site. In Fig. 
251 was shown a method of rigging a pair of B-T loops 
from a jumper stay between two transmitting station masts, 
and Fig. 258 illustrates some of the details of the rigging. 
The jumper stay of one inch circumference wire rope is taken 


through blocks attached to the masts and brought down to. 


PW) a — 
nay 


Ul r 
MOE, | RSP 


i} - WY 


1 O—— ¢ CS 


| 
i 


My 
twHaninmetenceng eR, 
My \ 
I 
‘y Ms, 
hy, 
ono 
mr 
smn | 


Fig. 259.—Short Lead-in for Tuned Frames. 


concrete anchors. The stay, if several hundred feet long, 
must be broken in two or three places by insulators, or heavy 
currents will be induced during transmission. Special fittings 
are necessary in certain places, and suggestions for these 
are shown. If the site be an exposed one, everything in con- 
nection with the construction must be very robust. The 
centre stay should be of one-inch wire rope and the aim in 
rigging the aerial should be to get the jumper stay pulled up 
very tight and take the strain on the centre stay, so that, when 
the four corners of the loop are stayed out, the apex insulator 
and the centre stay plate are both fairly rigid. If the jumper 
stay is not pulled up taut enough to put a good strain on the 
centre stay, then, when the aerials are rigged, the centre 
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stay will slack off and the aerials themselves will take the 
greater part of the strain. In this case the whole construction 
will be “sloppy” and there is a good chance of the aerials 
being broken in a gale. In the station shown in Fig. 251 
the centre stay is split just below the stay plate and two stays 
are brought to anchors, one on either side of the building, it 
usually being impracticable to attach it to the roof of a building 
unless it be of steel construction. 

Leading-in of the Aerials. The way in which the 
aerials are led from the foot of the mast to the receiving build- 
ing will vary according to the type of station, and one of the 
best methods of leading-in when using tuned aerials is as shown 
in Fig. 259. In making the aerials, enough “‘ tail’’ is left to 
enable the lead-in to be a continuous length of wire with the 
aerial loop itself, and telegraph insulators are used for the 
support. 

If, for some reason, it is not possible to arrange a short lead- 
in, intermediate supports will be necessary, as in Fig. 260, 
which shows three of these posts and the lattice steel mast for 
the aerials. It will be seen that the four insulators on each post 
are arranged so that the points of attachment of the wires form 
a rectangle, and it is important that the two wires forming 
the leads from any one aerial loop should be at diagonally 
opposite corners of this rectangle. If, on the other hand, 
one pair of leads are attached to the top two insulators and 
the other pair to the lower ones, the planes of the small loops, 
represented by the pairs of leads, will be parallel for a con- 
siderable distance, and very appreciable coupling will exist 
between the aerial circuits. 

The diagonal arrangement does not eliminate all the coupling 
unless the insulators are fixed in an exact square; for only 
in this case are the planes of the two loops exactly at right 
angles to one another. 

A closer inspection of Fig. 260 will show that the four leads 
are rotated or transposed along the length of the lead-in, 
the wire from the top right hand insulator on the near post 
going to the bottom right hand insulator on the second post 
and to the bottom left hand of the third post, etc., and similarly 
with the remainder of the leads. Owing to the rotation of the 
wires it follows that any E.M.F. induced in one of the loops 
(formed by the pair of wires from one of the aerials) will be 
opposed by an equal E.M.F., induced in another section of the 
same loop, whichis in the opposite direction vound the circuit. This 
type of transposition is adapted from telephone practice where 
it is used to prevent interference between adjacent circuits. 
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Another advantage of transposing the wires of the lead-in 
is that the mean distance from the ground of all four wires is 
now the same and hence the capacity to earth of the four 


Fig. 260.—Long Lead-in Showing Transposition. 


wires is constant. This has the effect of maintaining the 
electrical balance of the aerial circuits, which has been seen to 
be an important factor, especially in the tuned aerial system. 
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The wires should be strained sufficiently tightly to prevent 
swaying in the wind, with consequent production of mutual 
induction or capacity between the loops, and for the same 
reason they should not be run too near to one another, as in 
this case the relative movements of the wires will have a 
proportionately greater effect. Between six inches and a foot 
is a suitable dimension for the horizontal or vertical distance 
between wires. It is advisable not to take the strain of the 
last section of the lead-in on insulators attached to the wall of a 
wooden receiving build- 
ing, or trouble may 
be experienced owing 
.to the noise, made by 
the vibration of the 
mast and aerials in 
the wind, being trans- 
ferred to the receiving aes 
room. eis ee 

pibeteainsulators 
should be of a similar 
pattern throughout, 
otherwise the varying 
leakage resistances of : ty My 
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and with a 70 or 100 “panicle 
FOO By ast and Bry Fig. 261.—Temporary Lead-in for 
gular aerials, a lead-in Coan E Rene Th rare 
of the form shown in ~ Taian 2 
Fig. 260 may be 50 or 75 feet in length and still give per- 
fectly satisfactory results. In the case of a temporary 
station, high tension cable of the type used for the ignition 
systems of petrol engines may be used in an emergency, 
thus dispensing with all further insulation between the 
aerial base and the D.F. receiver. Such an arrangement 
is shown in Fig. 261. Twin wires enclosed in lead sheathing 
are used in ship installations, and this is described in the next 
chapter. Cases may occur in shore D.F. stations where this 
lead covered cable is of use, but it can only be used with 
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WIRELESS DIRECTION FINDING | 
aperiodic aerials. With an elevated aerial, such as that shown 
in Fig. 251 and Fig. 258, it may be convenient to bring 
the wires down in the form of a cage with spreaders fixed at in- 
tervals as in Fig. 262. They may be taken to some standard 
form of telegraph insulators on a pole erected near to the 
point where the wires enter the receiving room. 

The problem of the best way to take the wires through the 
wall of the receiving building has been tackled in many ways, 
but the best results are obtained by taking the aerial wire 
through an earthenware or porcelain tube, tilted downwards: 
towards the outside, the ends of which are suitably pro- 
tected: from the 
weather. A view: of 
this type of lead-in is 
shown in Fig. 250. 

If desired, a parti- 
tion insulator of some 
type can be used, and 
it has the advantage 
of being capable of 
being made weather- 
proof; but possesses 
the great disadvantage 

* that it introduces four 
“| screwed terminal con- 
nections in each aerial 
lead.. It mMayvyerbe 
wondered that appara- 
tus which has stood 
the test of constant 
use for years on the 
ordinary wireless receiving station is criticised or condemned 
when applied to direction finding work. The reason is, how- 
ever, that if a high resistance fault occurs in the aerial circuit 
of an ordinary receiving station, the fact at once makes 
itself apparent by the weakening of signal strength ; whilst on 
a D.F. station the signals from one frame become weaker 
than from the other, the ‘“‘ minimum ”’ as heard in the tele- 
phones becomes first indefinite and then definitely wrong. If © 
bearings are not being taken during the indefinite period 
the trouble may not be suspected for some time, and, before- 
noticing the errors in bearings, a station in use for coastal 
work might easily be the unwitting cause of wrong informa- 
tion being given to ships concerning their positions. For 
this reason, the sight of the four ends of the actual aerial 
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wires, attached to the radiogoniometer or aerial disconnecting 
switches, and the knowledge that these wires are supported 
throughout by a good design of porcelain insulator, inspires a 
good deal of confidence and reduces to a minimum the chances 
of trouble outside the receiving room. 


Position of Receiving Building. The position of the 
receiving building relative to the tuned B-T aerials is fairly 
important. If the building be long and narrow and placed 
very close to the aerials and parallel to one of them, then 
there will be a greater capacity between the building and the 
aerial which lies parallel to its length than there is in the case 
of the other aerial, and, in addition to this out of balance effect, 
there will also be a capacity coupling between the two frames 
which will make itself evident when the test is made for mutual. 
induction and capacity. It is possible to eliminate this capa- 
city coupling, caused by the building, by connecting a small, 
variable condenser across the two limbs of the aerials opposite 
to those which enclose the building, the condenser being 
adjusted until a balance is obtained giving a nz result when 
testing for mutual (page 3090). 

Dielectric losses will also occur on short wave lengths if the 
walls of the building are too close to the aerial, and unless 
the building be a square one these losses will not be equal in 
the two aerials. 

It is therefore advisable in the case of tuned aerials to choose 
such a position for the mast that the limbs are between two 
and three feet away from the walls of the building, which will 
give a short lead-in and will yet reduce the above-mentioned 
errors to anegligible amount. When dealing with the aperiodic 
aerial installations on board ship it will be seen later that a 
lead of 100 feet may sometimes be necessary, but for accurate 
shore work the lead-in should be as short as possible. 


The Earth System. No departure is necessary, in respect 
of the earthing system, from the methods adopted for the 
non-directional receiving station. If the soil in the neigh- 
bourhood of the station is moist and of high conductivity, a 
satisfactory earth can be made by the use of two or three earth 
plates having a total area (one side) of say 30 square feet or so. 
It is well to remember, though, that a number of obscure 
faults may be caused by a high resistance earth connection, and 
in an important D.F. station or in a large directional receiving 
station it may be advisable to make use of a circle or semi- 
circle of galvanised iron plates buried in the ground at a radius 
of 10 to 15 feet. The plates may be soldered together to form 
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one continuous sheet or/and individually to radial wires brought 
to an earthing bus-bar inside the building. 

It is a wise precaution never to allow any other electrical 
connection to be made to the wireless earth, such as telephones, 
buzzer circuits, land line telegraphs, etc., as these not only 
introduce noises but they may also be the cause of actual errors 
in bearings if the resistance of the earth connection becomes high. 

In the case of temporary stations, the wire gauze nets used 
for portable field wireless sets are satisfactory, and it is cus- 
tomary to put one length of gauze under each of the four 
lower limbs of the B-T aerials. 


LAY-OUT AND ADJUSTMENT OF RECEIVING 
APPARATUS 


Four main types of direction finding circuit were dealt with 
in Chapter 5, when describing the B-T system. These were: 


(x) Tuned aerials. 

(2) Aperiodic aerials. 

(3) Aperiodic aerials with loose coupled intermediate 
circuit and heart-shaped diagram of reception. 

(4) Multiway. 


Whichever system be in use all the usual precautions asso- 
ciated with the laying out of a wireless receiving circuit must 
be observed, and in addition to these there are a number of 
further points which are described below. 


TUNED AERIAL CIRCUIT 


The theory of the action of the tuned aerial B-T circuit 
is explained on page 130 e¢ seg. and the circuit is shown in Fig, 
128. Fig. 263 shows the lay-out of a tuned aerial D.F. receiver 
from which a better idea of the apparatus can be gathered. 

Lightning Arrester and Earthing Switch. The instal- 
lation of the circuit as far as the leading-in insulator has already 
been considered, and on entering the receiving room the aerials 
are usually connected to a lightning arrester or an aerial 
earthing switch or to both these pieces of apparatus. They 
are intended to safeguard the receiver from the effect of 
atmospheric discharges communicated to the aerial by rain 
falling from charged clouds, sometimes called “‘ fizzlies,’’ and 
other phenomena of this kind. Neither of them would afford 
any appreciable protection if the aerial were actually struck 
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by lightning, which has been known to wreck totally the 
apparatus in a receiving station and requires protective devices 
on a far larger scale. The lightning arrester mentioned above 
consists only of an ebonite strip on which are mounted four 
terminals to which the aerials are attached. Each of these 
terminals is connected to one side of a spark gap of about 
_#$mm., the other side of the four gaps being connected to earth. 

Wave Meter and Tuning Buzzer. ‘The best position for 
the wave meter and tuning buzzer is immediately below the 
lightning arrester and close to the lead-in. In this position 
it can usually be placed as far as possible from the remainder 
of the receiving apparatus and there will be less chance of the 
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exciting circuit inducing an E.M.F. in the coils of the radio- 
goniometer, the transformer, or the amplifier. 

Aerial Disconnecting Switches. Between the wave- 
meter and the radiogoniometer, aerial switches are placed which 
allow of the rapid disconnection of either aerial during tuning 
and balancing. The exact use of these switches will appear 
later. If these switches are two pole double throw, the aerials 
may be joined to the blades, the radiogoniometer to one side 
and the other side to earth, so that the aerials may be left 
earthed when not in use. 

Wiring of the Circuit. From the lead-in to the radio- 
goniometer the wiring should be supported on insulators spaced 
at short intervals and the greatest care taken that the wires 
of the aerials are spaced at least two or three inches apart 
and symmetrically arranged so that mutual inductance between 
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the pairs of leads ‘is as small as possible. It may be found 
necessary to make provision for a small amount of mutual 
inductance between the aerials to counteract an equal and 
opposite amount elsewhere in the aerial circuit, but this need 
not be anticipated and the whole of the wiring should be 
arranged rigidly. 

It is very inadvisable, when connecting up the apparatus 
of a tuned aerial circuit, to run any wires through the bench, ~ 
cleating them along underneath and then bringing them out 
on to the surface again alongside the instrument to which 
they are to be connected. The reason for these precautions 
in D.F. work is that dielectric losses in the bench, walls, etc., 
may cause unequal damping in the aerials with consequent 
production of bad minima, and furthermore the capacity 
between the aerial leads and the bench is quite enough, par- 
ticularly on wave lengths below 300 metres, to give capacity 
coupling between the aerials. On longer wave lengths the 
effects are not so marked and the same precautions need not 
be taken, but the point is worth bearing in mind when using 
tuned aerials. | 

The Radiogoniometer. The radiogoniometer should be 
fixed in such a position that it can be easily manipulated and 
at the same time leaves space for writing. This space should 
not be between the radiogoniometer and the lead-in, other- 
wise the aerial leads will have to be unnecessarily long and there 
is the chance of variable capacity coupling between the aerials 
owing to the log book, operator’s arm, etc., constantly moving 
near the aerial leads. The orientation of the radiogoniometer | 
and the angle to which it is tilted for convenience in reading 
have no effect, or almost negligible effect, and it may with 
advantage be sunk in the receiving bench and slightly tilted 
forward. | 

On page 400 some notes are given on the precautions to be 
taken in connecting up the aerials to the radiogoniometer and 
the methods of diagnosing the errors which occur owing to 
wrong connections having been made. The correct connec- 
tions will usually be indicated on the radiogoniometer, but in 
case this is not so, the above-mentioned notes will give all the 
information required. } 

Aerial Tuning Condensers. Variable air condensers are 
used for aerial tuning and are connected up one in series with 
each pair of field coils, the latter being split for the purpose. 
In parallel with one of the aerial condensers is a third condenser 
of about one tenth the capacity of the others which is used to 
give a fine adjustment when balancing the aerials. Thoroughly 
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good electrical connection must exist between the vanes of the 
condensers and the spindle or framework supporting them. 
Any variable contact here will render accurate balancing 
impossible. The leads from the radiogoniometer to the aerial 
condensers form part of the aerial circuit, and the same care 
should be taken here to avoid mutual induction between 
‘them. For this reason the radiogoniometer and the condensers 
must be fixed to the bench or trouble is almost bound to arise 
from the above cause. 

Layout. The space for writing materials, etc., may con- 
veniently be left between the radiogoniometer and the shielded 
transformer, as the leads from the search coil to the receiving 
-circuit may be run as a twisted pair of flexibles. There is also 
the advantage in this form of lay-out, that coupling of the 
radiogoniometer with the transformer and amplifier is avoided. 

No special precautions are necessary in the arrangement 
of the remainder of the apparatus, except that the screening 
boxes of the amplifier and shielded transformer are usually 
earthed in order, so far as possible, to prevent direct reception. 
The radiogoniometer may be screened for the above reason as 
in the instance of those illustrated in Fig. 268 and Fig. 298 the 
wooden, cases of which are copper lined. 

The question of to what extent the apparatus should be 
- connected to earth depends rather upon circumstances, but it 1s 
usual to earth the negative pole of the filament and plate 
circuit batteries. On certain wave lengths, however, it may 
sometimes be found that the minima are sharper if the trans- 
former shield be earthed and not the common negative pole of 
the batteries. The point may easily be settled by trial, and, 
if an advantage is found by not earthing the batteries, it will 
frequently be found an additional improvement to insulate 
the batteries because, if standing on the floor of the room, 
they may otherwise be forming a leaky capacity connection 
to earth. ; 

Reception of Continuous Waves by Means of Separ- 
ate Local Oscillator. The chief precaution to be observed 
when using a separate heterodyne for C.W. reception is to 
ensure that it is not coupled with the radiogoniometer, for, 
in this case, trouble will ensue owing to the heterodyne 
signals having a definite direction of their own and producing 
another pair of minima. Suitable methods of introducing the 
heterodyne are to couple it to the transformer or the grid of 
the rectifier or, in the case of a loose-coupled intermediate 
circuit a special provision may be made for coupling the 
heterodyne to the jigger circuit. In any case, the heterodyne 
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signal must be completely under control and must not be so 
strong as to cause saturation of the rectifier. 

Tuning and Balancing. The apparatus having been con- 
nected up, the next process is that of tuning the whole circuit 
and balancing the aerials. During the tuning and balancing, 
the magnification of the amplifier should be reduced to a low 
value, either by cutting out valves in the case of a cascade 
amplifier or by some similar process until only medium strength 
signals are heard. If this is not done it may be found difficult 
to balance owing to the noise caused by direct induction in the 
D.F. search coil from the exciter circuit. 

Adjust the aerial tuning buzzer to the required wave length 
and rotate the moving coil of the wave meter to some position 
intermediate between the planes of the two aerial turns. 
Disconnect one aerial and tune everything up to buzzer wave 
length, then disconnect the tuned aerial and connect the other, 
again tuning to buzzer wave length and for this purpose it 
should not be necessary to alter anything except the aerial 
condenser. 

In doing the above tuning the coupling of the radiogonio- 
meter should be kept loose, that is to say, the search coil should 
be nearly at right angles to the field coil in circuit. When 
both aerials are tuned, close both the aerial switches and 
turn the pointer to the position of minimum signals. In the 
case of a D.F. wave meter which has a rotating coupling coil, 
the position of this minimum will depend upon the position 
of the coupling coil relative to the aerial turns but should 
always be adjusted, as stated above, to some position inter- 
mediate between the two. Now adjust one of the aerial tuning 
condensers (the low capacity one if fitted for fine adjustments) 
until the best minimum is obtained, slightly varying the 
position of the pointer of the radiogoniometer during the 
process if necessary. 

To Check the Circuit for ‘‘ Vertical,’ ‘‘ Direct ’’ and 
‘* Mutual.’’ In the above instructions for tuning and balanc- 
ing it was assumed that the circuit was free from vertical and 
direct and that the radiogoniometer was in correct adjustment. 
These points should be checked in the following manner. As 
each aerial is tuned, take scale readings of the minima to ensure, 
firstly, that the two minima are exactly opposite to one another 
on the scale and, secondly, that they coincide with the o* 
—180° line or the g0°--270° line, according to whether the 
North-South or the East-West aerial is in circuit (it is assumed 
that the aerials have been laid out in this manner), or, thirdly, 
that there is not a combination of these two errors. 
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As an example of the first error, let us assume that the 
N-S aerial is connected and that the minima instead of being 
at o° and 180° are at 2° and 178° as in Fig. 264 (a). This may 
-be due either to direct reception on the coils‘of the receiving 
apparatus or to true vertical, both of which have been seen to 
give this effect. The methods to adopt for eliminating vertical 
and direct have been given on pages 57 and 60. 

The second type of error is illustrated in Fig. 264 (0) where 
the minima are opposite to one another but rotated through 
an angle of 20°. This shows that the pointer has moved on its 
spindle and if the same amount of displacement is noticed 
when checking the other aerial the fault may easily be rectified 
by an adjustment of the pointer. If the aerials are not erected 
North-South and East-West, a rotation of the pointer will, 
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Fig. 264.—(a) Two Degrees of Vertical. (b) Twenty Degrees of 
Rotation. (c) Combination of (a) and (b). 


of course, be required in any case in order that the 0° point 
of the scale should register a bearing true North (see page 
Zz). 

R combination of the two errors is shown in Fig. 264 (c). 

Mutual. The symptom of mutual inductance or capacity 
between the aerials has been seen on page 137 to be an indefinite 
minimum which may possibly be displaced and the following 
test should always be made as soon as the receiving apparatus 
is installed to ensure that the aerial system is not at fault. 

Some kind of exciting coil, such as a high note buzzer and 
cell connected across the coil of a wave meter, must be placed 
under one of the aerials “ A.’’ A position near the aerial anchor 
will probably be found suitable, depending upon the degree 
of amplification used. The whole of the apparatus is then 
tuned up to buzzer wave length. 

Now disconnect aerial ‘“‘ A’’ and adjust the position of the 
exciter coil until no signals are heard in the telephones, 
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”? 


indicating that the exciter coil and the other aerial Y Baars 
not coupled. 

Leaving the exciter circuit in the same position, disconnect 
aerial ‘© B”’ and connect aerial ‘“‘ A’’ and again obtain silence 
in the telephones, but this time by adjusting the position of the 
search coil, indicating that the aerial ‘‘ A” and the search coil 
are not coupled. | 

Now connect both aerials and if buzzer signals are heard 
there is mutual induction or else capacity coupling between the 
frames or some part of the aerial circuit. The reason for this 
is as follows: Since the search coil is in a position in which 
it is unable to receive any signals from aerial ‘‘ A,” any buzzer 
signals must be received via the aerial “ B.” This aerial, 
however, is not coupled with the buzzer coil so that it follows 
that signals must be received on aerial “ A,” communicated 
to aerial ‘‘B’’ by means of the coupling between the frames 
and thence to the search coil circuit. 

If the coupling happens to be only slight, it can probably 
be corrected by altering slightly the relative positions of the 
leads between the lead-in insulator and the radiogoniometer, . 
so as to introduce an equal and opposite inductive coupling. 
If it be found that this balance is not maintained on changing 
the wave length, it may mean that the coupling was a capacity 
one and a balance of the latter type must be arranged although 
the necessity for this seldom arises. Should the signals from | 
the buzzer be very loud when the two aerials are connected, 
the trouble is more likely due to errors in the laying out of the 
aerials and their directions should be checked to make sure 
that the two frames are exactly at right angles. 

To show the sensitiveness of the test, it may be mentioned 
that when using high magnification and tuned aerials, the 
effects of the coupling of taut aerials, due to their swaying in a 
light breeze, can be easily detected. 

Direction Finding. With the B-T or simple closed coil 
D.F., bearings are always taken on minimum signals and are 
read off in terms of degrees East of North. When the whole 
circuit is tuned to the wave length of the signal, the direction 
of which it is required to find, the pointer of the D.F. is moved 
to a position on the scale near that at which the signals vanish 
or reach a minimum value: In many cases a perfectly crisp 
and well defined vanishing point can be found but it is not 
advisable to take this as the bearing. In the majority ot 
cases it will be correct, but in practice the freak bearings due 
to night effect are sometimes found to be less pronounced if a 
swing bearing be taken and, when using the aperiodic aerial 
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system with a tightly coupled radiogoniometer, the ‘‘ coupling 
error ’’ is reduced to some extent by this means. 

Swing Readings. This method consists in matching the 
intensity of the sound on either side of the point of minimum 
signal strength and owing to the sensitivity of the human 
ear it is a singularly accurate method. In the case of a very 
weak signal there is no alternative to this procedure since 
there may be an arc of several degrees on the scale over which 
the signals are not heard at all, or, at any rate, the minimum 
is very ill defined or what has been termed “ woolly.” 

The swing may extend over about 40 degrees, that is to say 
20 degrees on either side of the minimum, and after some 
practice this can be done with great speed and accuracy. The 
mean of the two scale readings where the two signal strengths 
are exactly equal is the position of true minimum. Where 
time permits both minima of the figure eight diagram of recep- 
tion should be inspected to ensure that no vertical is present 
and if the two minima are fairly sharp but not exactly opposite 
to each other, then the mean of the two minima may be taken 
as the true maximum, the required bearing being go° from this 
maximum (see page 56 and Fig. 48). 

Another method of taking readings about the minimum 
point, by means of matching sounds of equal intensity, 1s to 
adopt two search coils which are fixed relatively to one another 
at an angle of, say, about 40 degrees. If now a switching 
key be arranged so that alternately one and then the other 
search coil is put in circuit, a position can be found at which 
the two sounds are equal and the reading of the bearing 
obtained without the necessity of swinging the pointer (154). 
This might appear to be an improvement on the single search 
coil method, but experienced operators usually prefer to be 
able to control the extent of the swing. 


APERIODIC AERIAL CIRCUIT 


Fig. 265 shows the lay-out of the apparatus of the aperiodic 
circuit, the chief differences between the installation of this 
and the tuned aerial circuit being as follows : 


(xt) There is less trouble due to the coupling between 
the aerials owing to the fact that the two loops are not 
oscillatory at the minimum point of signals (page 140) 
and hence a comparatively tight coupling is required 
between them in order to influence the minimum appreci- 
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(2) Additional precautions are necessary for screening 
the apparatus from direct reception, owing to the fact 
that signals are weaker with untuned aerials, and the 
high amplification which is thereby necessitated results 
in the direct reception on the coils of the transformer and 
radiogoniometer being emphasised. 

(3) Vertical is also more pronounced for the above 
reason. 


To continue the comparison between this and the tuned aerial 
circuit, we see that the aerial tuning wave meter and buzzer 
are omitted, since there is no aerial balancing to be done in the 
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Fig. 265.—Layout of Apparatus for Circuit using Aperiodic 
B-T Frames. 


aperiodic system. Wave length calibration of the set may be 
done by means of any form of wave meter, which can be excited 
by means of a cell and buzzer, as in the case of an ordinary 
recelving circuit. 

Two double pole two way switches are usually retained to 
perform the double function of aerial disconnecting and aerial 
earthing. The lightning arrester is no longer required since 
the aerials are permanently earthed via the mid-points of the 
field coils, and hence the trouble from discharge due to 
charged clouds is largely removed. The earthing switches, 


however, serve as an additional protection when the circuit ~ 


is not in use. 

Although the aerials do not have to be disconnected for 
balancing, it is still necessary to be able to receive on either 
loop separately, to ascertain that the minima are in the correct 
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position on the scale. Itisalso more easy to detect the presence 
of vertical when only one aerial is connected because, in this 
case, there are two definite positions for the minima and any 
discrepancy must be due either to vertical or direct. 

Whilst it is still very advisable to keep the resistance of 
each loop the same, and also as low as possible, the addition 
of several ohms in series with the aerials is often found to make 
very little difference in signal strength, even at the maximum. 
The reason for this, in the simple aperiodic aerial circuit, 
is that a considerable amount of additional damping is intro- 
duced by the use of the shielded transformer and owing to the 
tight coupling of the radiogoniometer, this damping is trans- 
ferred to the aerial circuit together with the losses in the 
radiogoniometer itself. 

Since the aerials are untuned at the point of minimum signal 
strength, there will not be any great transfer of energy from 
one to the other even if coupling exists to an extent which 
would produce very indefinite minima in the tuned aerial 
system. The leads from the aerial disconnecting switches to 
the radiogoniometer need, therefore, not be supported with 
the same care and there is very little chance of introducing 
errors even if the aerial leads be made of flexible insulated 
wire and are cleated to the receiving table or allowed to run 
haphazard. In the same way, mutual induction between the 
aperiodic aerial loops has very much less effect upon the 
performance of the circuit than in the case of tuned aerials. 

Sharpness of Minima with Aperiodic Aerial Circuit. 
For the reasons mentioned in the previous two paragraphs, 
signal strength with the aperiodic aerial system is far less than 
with tuned aerials and more amplification is normally used. 
As a result of this, unless special precautions are taken, there 
is appreciably more direct reception on the coils of the apparatus 
with consequent blunt and indefinite minima. . By taking 
extreme care with the screening of the various parts of the 
circuit it has, however, been demonstrated that the crispness 
of the minima and the sensitiveness of the aperiodic aerial 
D.F. may be made quite equal to that of the tuned aerial circuit. 

Earthing of Receiving Apparatus. In Fig. 265 there 
are seen to be three earthing leads. FE: is the common con- 
nection of the two aerial earthing switches, E. the mid-point 
of the field coils and E,; the transformer shield. It is also 
usual to earth the common negative poles.of the filament and 
plate circuit batteries. 

Tuning. The adjustment of the circuit to a desired wave- 
length consists only in varying the single condenser in the 
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receiving circuit until the whole system is in tune as indicated 
by the maximum signal strength from a tuning buzzer or a 
distant station: There is, of course, no balancing to be done. 

Slight mis-tuning of the circuit will not, in general, produce 
errors in bearings except that, by weakening the frame signal 
strength, the proportional effect of any vertical which is 
present is increased. 

Checking for Vertical and Direct. The same procedure 
should be carried out as for tuned aerials but as mentioned 
above, both these effects will probably be more noticeable. 

Checking for Mutual. Since aperiodic aerials are less 
sensitive to the ill effects of mutual induction than are tuned 
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Fig. 266.—Layout of Apparatus for Heart-Shape Circuit using 


Aperiodic B-T Frames and Mid-Point Connection of Field 
Coils for Open Aerial. 


aerials, it is not necessary or possible to carry out the test for 
mutual, as described on page 309. If for any reason it is 


required to make a check for mutual, in such a case, the aerials _ 


may be temporarily tuned by connecting the condensers in 
parallel with the field coils. 

Direction Finding. This is identical with the method 
described on page 310 for tuned aerials. 


APERIODIC AERIAL, LOOSE COUPLED INTER- — 


MEDIATE CIRCUIT, HEART-SHAPE RECEIVER 


In Fig. 133 the theoretical diagram of the above circuit 
was shown and it was seen that the heart-shaped diagram of 


reception could be obtained without the aid of a special vertical 
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aerial, the natural vertical effect of the loops being capable of 
supplying an E.M.F. which was leading 90° on the loop E.M.F. 
and the amplitude of which was more than sufficiently great 
to give a true cardioid. A resistance in series with the vertical 
aerial lead also performed the double function of stabilising 
the phasing of the circuit and also adjusting the amplitude of 
the current in the vertical aerial. 

Aside from the use of the heart-shaped diagram of reception 
for the determination of sense, it may also be used at a direc- 
tional receiving station for eliminating jamming. When used 
for this purpose it is important to maintain a complete zero 
of signals at the minimum 
point of the polar diagram 
and some instructions on 
the operation of the cir- 
cuit are given below. 

The aerial system, the 
lead-in of the aerials and 
the earthing switches are 
exactly the same as in 
the aperiodic aerial lay- 
out just described, and 
the same precautions 
must be taken against 
mutual inductance, and 
ereat care exercised to 
avoid direct reception by 
the receiving apparatus. 
When the circuit is in use 
for directional reception 
(as distinct from D.F.), 
there will be less need for constant adjustment of the radio- 
goniometer, and the whole of the apparatus may with advan- 
tage be enclosed in a screening Case ; although the necessity 
for this may be avoided by very careful screening of the 
individual pieces of apparatus, as in the case of the receiver 
shown in Fig. 273. 

The arrangement of the circuit is given in Fig. 266 and 
corresponds to the diagram of Fig. 20% | 

The radiogoniometer used is of practically the same electrical 
design as that shown in Fig. 136, but is fitted with an additional 
pointer for indicating sense after the direction has been found 
by figure eight reception (page 145). 

The remaining apparatus consists of a variable resistance 
R, which should be non-inductive ; two inductances L: and 
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Fig. 267.—Switching Circuit for (1) 8 Se Oe 
(2) ‘‘ Sense,’ and (3) “ Stand-By.”’ 
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L, with variable*coupling, a similar pair of inductances J, 
and J2 and variable condensers C, and C2. 

The Intermediate Circuit. The intermediate circuit is 
seen to consist of the inductance L., the condenser Cx, the 
jigger primary J. and the search coil. The jigger secondary 
J: has a suitable tuning condenser C2 in parallel with it and 
is connected to the input terminals of the amplifier. 

The ‘‘ Vertical’? Aerial Circuit. Actually, as already 
explained, it is usual, in a B-T directioa finding station, to 
dispense with the separate vertical wire and to use the bunched 
aerials, making connection to the mid-point of the field coils of 
the radiogoniometer. In a directional receiving station, on 
the other hand, a separate open aerial is generally used since 
the range of wave lengths is greater, and an open aerial with 
a greater effective height may be required to give a good heart 
diagram on very long waves. Between the mid-point of the 
field coils (or open aerial lead-in) and earth, the circuit includes 
the variable resistance R and the inductance L;, which has 
a number of tappings in order that the correct value of induc- 
tance shall be obtained to tune the open aerial circuit a little 
short of the received wave length, a necessary condition for 
resistance phasing. The values of the phasing resistance R 
and the coupling between the coils L: and L. will of course 
depend very largely on the range of wave length of the circuit, 
but the following figures taken from the receiver shown in 
Fig. 268 will serve as a guide : 


Range I Range 2 Range 3 
Wave Length 300 to 750m. 750 to 1,800 m. 1,800 to 4,500 m. 
Li 178 mhy. 178 mhy. 178 mhy. 
Lz 320 mhy. 510 mhy. 2,950 mhy. 


Mutual inductance \ 126 mhy. 126 mhy. 170 mhy. 


between L: and Lz 
R 2,740 ohms. 3,040 ohms. 4,760 ohms. 


Adjustment. In adjusting the apparatus, first disconnect 
the open aerial circuit and tune the intermediate circuit so as 
to get satisfactory figure eight reception with sharp minima 
and the least possible amount of vertical and direct. The 
latter is fatal to the attainment of a crisp heart-shape minimum 
and in the case of duplex working, when a high power trans- 
mitter may be within a few miles, the problem of eliminating 
direct reception is sometimes a difficult one. It should be 
mentioned that in modern commercial directional receiving 
stations, using the B-T system, it is general practice to reserve 
the directional properties of the receivers in case of emergency 
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interference from other stations and to rely upon tuning alone 
to cut out one’s own transmitting station. In certain cases, 
however, it may be necessary to use the directional aerials 
for maintaining a duplex balance. 

Next connect up and make preliminary tuning of the open 
aerial circuit R L:, having rotated the search coil to a position 
of figure eight minimum. Adjust the coupling of L: Lz to 
some moderate value, and having obtained maximum signals 
by varying L:, indicating approximate resonance in this 
circuit, the inductance L: should be reduced slightly from 
resonance value (see page 88). 

It is unlikely that the correct adjustment of the whole 
circuit will be achieved at the first trial and on rotating the 
search coil, the polar curve of signal strength will probably 
take the form of that shown either in Fig. 23 (d) or Fig. 23 (a) 
with indefinite minima. The former shows the effect of too 
ereat an E.M.F., in the intermediate circuit, due to the open 
aerial and the latter the reverse condition, and it must be 
remembered that this E.M.F. may be varied either by the 
resistance R or the coupling L: Lz. The resistance R, 
however, is also in use for varying the phase condition of 
the open. aerial circuit and will have a definite best: value, 
depending on the amount by which this circuit was detuned 
by the slight reduction of the inductance Lx. 

The ensuing balancing operation, to get the single crisp 
minimum, will therefore be a compromise between the values 
of R and the coupling L: Lz. Having obtained one or the 
other of the polar curves first vary the coupling to give the 
best minimum and then alter R slightly. If the minimum is 
still indefinite, the phasing of the vertical aerial circuit is 
probably incorrect and L; should be slightly altered and the 
balancing process repeated until a complete zero of signals 
is obtained. . 

When it is found possible to get a true heart-shape balance 
on continuous wave signals but not on atmospherics or spark 
stations, the cause will usually be found in the incorrect amount 
of resistance in the open aerial. The loop aerial is almost 
aperiodic at the point of minimum signals and it is necessary 
that there shall be enough resistance in the open aerial to render 
it equally aperiodic if it be desired to get the best possible 
balance on damped signals. | 

During long spells of dry weather, or in places where there 
is difficulty in making a good earth connection, it may be 
found that the amount of resistance required in the open 
aerial is variable and smaller than the normal value ; also that 
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there is difficulty in maintaining the true zero of signal strength. 
This may usually be traced to a high resistance earth connec- 
tion. 

Tuned Open Aerials. A point to be remembered in con- 
nection with the aperiodic heart-shape circuit is that the balance 
may be ruined by an open aerial in the vicinity which is tuned 
to the same wave length as that being received on the aperiodic 
system. The low damped tuned aerial will radiate during 
the passage of the wave and will have the effect of increasing 
ereatly the apparent open aerial effect of the aperiodic heart- 
shape balance. On D.F. stations, therefore, or multiway 
directional receiving stations, where aperiodic open aerials 
are used, it is important that any non-directional reception 
which is done on the site should be by means of valve coupled 
aperiodic aerials (page 71) with a proportionately larger 
amount of magnification. 

D.F. — Sense — Stand-by. When using the aperiodic 
heart-shape circuit, some form of switching device should be 
incorporated in order that the polar diagram of reception may 
be changed rapidly from the figure eight to the heart-shape ; — 
and provision may also be made for non-directional reception 
for the purpose of standing by for signals. In Fig. 267 a 
simple switching arrangement has been shown, which enables 
the three operations—D.F., Sense and Stand-by—to be 
effected. 

D.F. With the switch in position (xz), the mid-point of the 
field coils is earthed, and the result is a simple aperiodic aerial 
system with a loose coupled receiver, for it will be seen that the 
phasing resistance R and the vertical aerial coil L: are out of 
circuit. 

Sense. With the switch in position (2) the mid-point of 
the field coils is connected to earth through the phasing 
resistance R and the coil L:, which gives the condition for 
heart-shape reception. 

Stand-by. In position (3) the circuit is seen to be the 
same as for sense, except that the phasing resistance is out of 
circuit and, as aresult, the current in L; increases several fold, 
with consequent increase in induced E.M.F. in Lz and the 
intermediate circuit. This swamps the effect of the loop 
reception and gives practically equal strength of signals from 
ali directions. - 

In accurate D.F. work, as distinct from directional reception, 
the switching arrangements are more complicated because 
provision must be made, when using the figure eight reception, 
for the coil L: to be totally disconnected. If this coil be 
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connected to earth at one end, then, owing to the comparatively 
tight coupling between L: and L. there will be capacity 
coupling to earth from one side of the search coil with conse- 
quent production of vertical (see Fig. 269). 


Fig. 268.—Marconi-B-T Shore Pattern D.F. (1) Radiogoniometer. 
(2) Pointer for use in Cosine Diagram of Reception. (3) Pointer for 
Sense Determination. (4) Intermediate Circuit. Condenser. (5) Inter- 
mediate Circuit Condenser Range Switch. (6) Transformer Range Switch. 
(7) “ D.F.’—“ Sense””—“‘ Stand-by ” Switch. (8) Jigger Condenser. 
(9) Jigger Coupling. (10) Heterodyne Coupling. (11) Jigger Range 
Switch. (12) Terminal Block. (13) Potentiometer for H.F. Amplifier. 
(x4) Valve Filament Rheostat for H.F. Amplifier. (15) H.F. Amplifying 
Valves. (16) Rectifying Valve. (17) First Stage Note Magnifying Valve. 
(18) Second Stage Note Magnifying Valve. (19) Note Magnification 
Switch. (20) Telephone Plug Connections. (21) Filament Rheostat for 
Note Magnifying Valves. (Refer also Fig. 269, Fig. 270 and Fig. 271.) 


MARCONI-BELLINI-TOSI SHORE DIRECTION 
FINDER 


The D.F. receiver shown in Fig. 268 operates on a circuit 
which is practically the same as that.of Fig. 267, and combines 
the figure eight, heart-shape and circle diagrams of reception. 
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THE MARCONI B-T SHORE D.F. 


The range of wave length is 300 to 4,500 metres, and this entails 
switching arrangements which give a complicated appearance 
to the circuit shown in Fig. 269. The eight units of-the in- 
strument each fit into a copper screened partition of the case, 
and their functions can be gathered from Fig. 268 and Fig. 269. 


24 


Fig. 270.—Radiogoniometer. (See Fig. 268.) (22) and (23) Split 
Field Coil Windings. (24) Search Coil Slip Rings. (25) Con- 
_ nections to Internal Wiring of Case. 


Radiogoniometer. The general construction of the Radio- 
goniometer is shown in Fig. 270. Between the two ebonite 
end plates is a cylindrical ebonite shell which is thick enough 
to give a rigid support for the field coils and allows them to 
be wound at a fair tension. Mounted inside this shell is the 
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cylindrical former of the search coil, the windings of which 
are brought out to slip rings with gold wire collectors. 
Transformer Unit. The open aerial coupling transformers 
and phasing resistances are mounted on the transformer panel 
shown in Fig. 271, and the switching system enables any one 
set to be put into circuit and isolates the other two to prevent 
any detrimental effect. The resistances are designed to give 
correct phasing at the centre of each wave length range—of 
which there are three—and at either limit of the range there is 
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Fig. 271.—Transformer Panel. (See Fig. 268.) (26) Three Trans- 
formers. (27) Three Phasing Resistances. 


still a great enough difference between maximum and minimum 
signal strength on the heart-shape to prevent any possibility 
of ambiguity when determining the sense. The actual figures 
for this receiver are those quoted on page 316. 

In the front view of the transformer panel in Fig. 268 it 
will be seen that the condenser switch and the two switches 
for the transformer primaries and secondaries are all linked by 
a cross bar which is thrown to the Up, Centre or Down position 
for the short, medium or long wave length ranges respectively. 
To the right of this linked switch is the D.F.—Sense—Stand-by 
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switch, the function of which has already been stated. In 
order to discourage bearings being taken on the heart-shape 
minimum, the switch is arranged to be non-locking in 
the sense direction and must be held over during the 
moment or two necessary to determine the sense. The 
centre or normal position is that for D.F. and the switch 
locks when thrown to Stand-by. 


THE MULTIWAY D.F. OR DIRECTIONAL 
RECEIVING STATION 


Aerial System. The aerial system, used in the Marconi- 
B-T Multiway D.F. station, does not necessarily differ in any 
respect from the ordinary B-T aerial. In the case of direc- 
tional receiving stations, however, it is usual to make the loops 
larger than those normally used for direction finding, and pro- 
vision must be made for a number of open aerials for use in pro- 
ducing heart-shaped diagrams on the various receivers which are 
connected to the loops. Fig. 272 shows the aerials at the 
Brentwood receiving station of the Marconi Company, in which 
the two loops, supported by 200 foot towers, are each 600 feet 
long by 180 feet high, and have an inductance of about 900 
mhy. There are eight directional receivers on the large loops 
and two more on each of four smaller towers, each of which 
supports a B-T aerial system with triangular loops. There 
are seventeen open aerials, the positions of which are indicated 
in the key plan of Fig. 272a, the aerials not all showing up 
in, the photograph. 

The number of open aerials which is rigged does not 
seem to matter so long as they are all aperiodic. It will 
be seen, for instance, that three single wire aerials are 
slung from the top of one of the 200 feet towers, and these 
are only a foot orso apart at their open ends. If, however, 
a tuned open aerial be used, along with a set of aperiodic ones, 
it will lead to endless trouble for the reasons already mentioned 
on page 318. 

Aerial Bus-Bars. If a large number of receivers are to 
be connected to the aerials, it is usually convenient to run the 
aerial bus-bars the length of the room, supported on suitable 
insulators above the receivers. Fig. 273 is a view of a Marconi 
Commercial Receiver, Type RC7a, in the British Post Office 
station at St. Albans, in which there are twelve receivers, 
eight of which are directional and are on one pair of loops. The 
aerial connections will be seen above the radiogoniometer unit. 


21* 323 


WIRELESS DIRECTION FINDING 


In smaller installations of this kind where only two or three 
receivers are used, the aerial connections may be made 
with twisted flexible pairs of wire of the pattern used for 
lighting, etc. 


Aerial System of Marconi Multi-Way Directional Receiving 
Station at Brentwood. 


Fig. 272. 


Fig. 272a.—Key Plan to Fig. 272. 


Double Radiogoniometer. If the radiogoniometer be 
of the double pattern, the first essential is to make sure that 
the search coils are properly aligned. By this is meant that 
when the active search coil has minimum coupling with its 
N-S field coil, the dummy search coil must also have minimum 
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coupling with its N-S field coil. This point can easily be 
checked with a buzzer and telephones. 

Other points worth checking are that all the field coil wind- 
ings are identical and also that, in the case of a number of 
receivers, all the field coils are wired up in the same way to 
the terminal blocks and that none of the coils has been wound 


Fig. 273.—Marconi Commercial Receiver at British 
Post Office Multi-Way Directional Receiving Station 
at St. Albans, showing Aerial Bus-Bars. 


left-handed if the remainder are right-hand wound. These 
faults are unusual, but are worth anticipating and may save 
irritating delay later. 

Single Radiogoniometer with Split Field Coils. If 
the radiogoniometer is of the type shown in Fig. 152 then there 
is no possibility of trouble due to the search coils not being in 
alignment since one coil is common to both sets of field coils. 
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The other precautions regarding the winding of the field coils 
are less necessary since the instrument is very little more 
complicated than the normal radiogoniometer. 

A point worth bearing in mind is that if the coupling be 
made too tight there will be a certain amount of mistuning 
of the search coil circuit, when it is rotated, owing to the 
asymmetry of the field coils (Fig. 153). The result of this 
asymmetry is to upset the cosine law of the radiogoniometer, 
and it is for this reason that this design is not used for accurate 
direction finding ; although it is, of course, perfectly suitable 
for directional reception. 

Dummy Aerials. The dummy aerials are composed of 
stranded wire solenoids on insulating formers and are enclosed 
in copper screened boxes. The two boxes can be mounted in 
any convenient position and must be so placed that the coils 
have no mutual inductance. It is not usually possible to 
construct the dummy coils to have exactly the correct induc- 
tance value unless the electrical constants of the aerial are 
accurately known beforehand. The windings are, therefore, 
sometimes made with tappings or in variometer form. If 
a plain untapped coil be used, the correct position may be 
found for the tap by making connection to the winding with 
a pin, which is pushed through the insulation and which 
generally makes contact with some of the strands. The wire 
can later be cut back to the correct balance point. 

Adjustment of Anti-Coupling. When balancing the 
aerial circuits, it is an advantage to do so on signals from 
a transmitter which is close at hand, since the balance point, 
in this case, can be found more easily. It is also advisable to 
calculate the inductance required for the dummy aerial coils, 
and to adjust these temporarily ; that is to say, by a tapping 
or by the use of a pin as mentioned above. The formula for 
finding the inductance is given on page 162. 

Balancing should be done in the first place on one aerial 
loop at a time, say the N-S loop, with the active and dummy 
N-S field coils connected and the E-W active and dummy 
circuit disconnected. The search coil circuits of No. 1 and 
No. 2 receiver are both tuned to the test signal, care being 
taken that in each case the search coil is exactly in the position 
of maximum signals, that is to say, has the maximum coupling 
with the N-S field coil. a 

This being done, listen to test signals in No. I receiver, 
whilst the search coil of No. 2 receiver is rotated, and observe 
the effect, if any, upon the signal strength. If the two search 
coils of each radiogoniometer are properly connected and the 
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dummy aerial coils of the correct inductance, there should be no 
change in signal strength, whilst, if a search coil or field coil be 
reversed, or the dummy aerial be of entirely the wrong value, 
there will be a decrease in signal strength for positions of No. 2 
search coil, other than that at which the tuning was done. 
If the dummy has been set to approximately the correct value 
beforehand, and the field coil windings carefully checked, the 
trouble is almost certain to be a reversed search coil. 

It will be remembered that the method of anti-coupling, 
described on page 160 depended upon maintaining complete 
symmetry in the active and dummy circuits and arranging 
that any mutual inductance between No. r and No. 2 search 
‘coil circuits, by way of the active field coils and the loops, was 
exactly balanced out by an equal and opposite mutual induc- 
tance due to the dummy field and aerial coils. If, then, there 
be no coupling whatever between the search coil circuits of the 
receivers, the rotation of No. 2 search coil cannot have any 
effect on No. I receiver since its only effect is to reduce the 
mutual inductance between S, and F, and also between sz. 
and f.2, both to the same extent, the balance being unaffected. 

If, on the other hand, a field coil or search coil be reversed, 
there will be double the mutual inductance between No. 1 and 
No. 2 search coil circuits that there would be if the dummy 
were not there. In this case, the rotation of No. 2 search 
coil, from maximum coupling with the N-S field coil to 
minimum, will reduce the mutual inductance to zero. This 
large change in mutual will detune the No. r search coil, and 
there will be an appreciable fall in signal strength—signals 
may disappear altogether—indicating immediately that some- 
thing is wrong. The remedy for this is obviously to find 
the reversed coil and to rectify it. It may be found that the 
balance can be restored by the reversal of any search coil or 
field coil winding, but it is very important to maintain the 
symmetry of the system and particularly of the active field 
coils, or errors in bearings will be introduced. The errors due 
to cross connection of field coil connections are mentioned on 
pages 155 and 400. 

Having eliminated any wrong connections, a more sensitive 
test can be applied for the balancing of the dummy aerial coils, 
in which, instead of listening for a change in maximum signal 
strength in No. 1 receiver, whilst the search coil of No. 2 is 
rotated, a zero balance of signals is obtained in No. 1. This 
may be done by connecting up the open aerial and phasing 
unit of No. r receiver and balancing the open aerial and loop 
E.M.F.’s in the search coil circuit as is done in the case of the 
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heart-shape balance. Rotation of No. 2 search coil will now 
provide a critical test of the adjustment of the dummy aerial 
coil, which should be varied until the zero signal balance is 
maintained for all positions of No. 2 search coil. 

The N-S circuits can next be disconnected and a similar 
series of tests carried out for the E-W system, after which the 
whole of the aerial connections may be restored. Each radio- 
goniometer is then checked to make sure that bearings are in 
the correct quadrants, and finally a heart-shape balance is 
obtained on each receiver in turn, and the effect observed of 
rotating the search coils of the other receivers, when tuned to 
the same or to slightly different wave lengths. 

Although it should always be possible to find a heart-shape 
adjustment on every receiver, in a Multiway station of this 
type, which will give a sharp minimum, it is difficult to get 
perfect results on plain figure eight reception. The balancing 
must be exceptionally good to give crisp cosine minima under 
all conditions, but this is no great loss since the heart-shape is 
almost universally used. 


CALIBRATION 


When a D.F. station has been erected and the apparatus in- 
stalled and tested, the next and final process is the calibration 
or checking of the observed bearings at a number of points 
on the scale. When the number of stations in range, on the 
required wave length, is insufficient, a portable transmitter 
may be used. This enables any desired bearing to be checked, 
provided that means are available for finding the exact position 
of the mobile station at the instant of transmitting. 

A method which is often used in the case of coastal D.F. 
stations is to take bearings on a ship which cruises along 
the coast at the maximum visible range and simultaneous 
wireless and optical bearings are taken, using for the latter 
purpose a sextant, theodolite, or similar instrument. It is 
necessary to know the direction of true North in the first place, 
and once this is fixed the true and observed bearings may be 
written down and an error chart prepared for future reference. 

In making use, for this purpose, of a ship having an inverted 
L aerial, it is advisable that the range should be not less than™ 
about five miles, as bearings of transmitting stations using 
this type of aerial are sometimes found to be unreliable at 
short ranges. A way of overcoming the difficulty is to take 
two sets of bearings, one with the ship travelling in one direc- 
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tion along the coast and the second when she is going in the 
reverse direction, in which case the mean of the two sets of 
bearings will give a closer approximation to the correct values 
(184). 

For an inland station the problem is more difficult, and 
methods of locating the transmitting station must be left to 
the ingenuity of the person directing the trials. 

When possible, the transmitting station should use the 
wave lengths on which the D.F. station will subsequently take 
bearings, as many freak effects are influenced greatly by change 
in wave length. 

Since the range of a B-T station may. easily be several 
‘hundred miles for low power transmitting stations and a 
thousand miles for high power stations, the calibration, when 
special transmitters are not available, can usually be performed 
entirely by means of bearings taken on distant stations the 
true bearings of which are either calculated or found from a 
enomonic chart. This method of calibrating should only be 
carried out in daylight, as the presence or possibility of night 
effect renders night readings unreliable. 

In every case the first thing to do, having obtained a list 
of observed and their corresponding true bearings, is to tabulate 
the results, find the errors and plot an “error curve.’ This 
curve should have a horizontal base line representing true 
bearings in degrees from 0° to 360°, with the vertical ordinates 
showing errors reckoned positive above the base line and 
negative below it. 

A set of readings are tabulated below which were obtained 
from a station in which a considerable quadrantal error was 
present in addition to small errors due to local screening. 


Observed Bearing. True Bearing. Error. 


25° aI = lee 
332° 33. “agree 
43. ge De 
58 3 pan 
88° 92° at An 
IIQ° EGR — 1° 
1553) 53% Nea 
ano yay Tota + 6° 
197" 195° + 2° 
223° 225° — 2° 
PACE Re 285° — 4° 
358% 328° a gehe 


Quadrantal Error. On plotting the errors from the above 
table it is found that they lie roughly in the shape of a double 
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sine curve, Fig. 274, the maximum positive errors being at 
170° and 350°, and the maximum negative errors at 80° and 


200°, whilst the curve crosses the base line and hence indicates - 


positions of no error at 35°, 125°, 215° and 305°. These effects 
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ERROR IN OBSERVED BEARING 
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Fig. 274.—Error Curve of Uncalibrated D.F. 


are illustrated in Fig. 275, where the true bearings are hae 
by full lines and the observed bearings by dotted lines, and it 
will be noticed that in the four quadrants between the four 
positions of no error, A, B, C and D, there is a distinct drift 


or bias of all observed bearings towards the direction 35° and 


215°, as though ae receiving power of the station were greater 
in this direction. In a 
ship installation this 
direction coincides with 
the centre line of the hull 
of the ship, in an aero- 
plane a similar effect is 
generally noticed, whilst 
in the installation shown 
in Fig. 251 excessive quad- 


TRUE BEARING 


by the steel masts and 
transmitting aerial. On 
normal shore stations the 
phenomenon is not so 
clearly marked as in these 
instances, and may be 
indefinite and not easy to 
distinguish among other™ 
Aprows sHew onection = SIM ‘discrepancies. 


OF DISTORTION OF BEARINGS 


TOWARDS TWO POINTS OF For this reason it is an 


ZERO- ERROR AT A 2S 


Fig. 275.—Distortion of Bearings of advantage to have the 
Uncalibrated D.F. error curve plotted against 
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QUADRANTAL ERROR 


the correct bearing and not against the observed wireless 
bearing. In the former case quadrantal error will show up as 
_atrue sine curve and any departure from this shape must be 
due to local screening, capacity effects, etc. On the other 
hand when the error is plotted against observed bearing, the 
resulting curve will be displaced laterally at each point 
by the amount of the error and will not, in any case, be a sine 
curve so that the causes of the error cannot be so easily analysed. 
Again, in the B-T system a correction chart is not used, and. 
since the curve is made with a view to eliminating the errors, 
it is preferable to have them plotted with reference to the 
actual directions in which they occur. 

Elimination of Quadrantal Error. In rotating frame 
_D-F stations it is usual not to attempt to make adjustments 
for the purpose of neutralising the errors which are found, 
‘but an error chart is made out for the use of the telegraphists, 
and the observed bearings are corrected before being used. 
In this case it is obviously better to tabulate or plot the errors 
against observed wireless bearings since it is to these that the 
correction must be made. The D.F.’s of the Radio Corpora- 
tion of America and the Federal Telegraph Company, however, 
both have compensators for eliminating quadrantal error and 
were mentioned in Chapter 4. Another method is to erect a 
small fixed frame in the direction to which bearings appear to 
drift, and to couple this aerial to the receiving circuits. The size 
of the frame and the degree of coupling are so adjusted that an 
equal and opposite E.M.F. is introduced into the receiver which 
neutralises the tendency of the installation to greater apparent 
receptive power in this direction. A modification of this method 
has also been suggested for the B-T system, which involves a 
small fixed frame as before, which is associated with a third set 
of field coils in the radiogoniometer ; but a simpler way exists for 
making the correction, and this is the one usually adopted. 

Referring again to the error curve of Fig. 274, had the 
direction towards which the crowding of bearings took place 
coincided, without any apparent external cause, with one of 
the B-T aerials, the aerial system itself might have been 
suspected. Unsymmetrical loops or bad contact in one aerial 
circuit will give one of the aerials a greater receiving power 
than the other and produce such results. In the present 
case the direction is intermediate between the aerials, and the 
distortion must be attributable to some other cause. The 
field coils of the radiogoniometer may be at fault, but this may 
be easily checked by ascertaining whether the direction to 
which the bearings are crowded is such that when the pointer 
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is in this position the search coil is exactly parallel to a set 
of field coils. Unless this is so, the possibility of constructional 
error is very slight. | 

Theory of Method of Making Correction. If, in the 
B-T aerial system, one of the loops be made much larger than 
the other, then the E.M.F. round the larger loop and hence the 
current in the loop will be proportionately greater than it would 
be for the normal aerial. Assuming that the field coils remain 
symmetrical, then for any given signal arriving in a direction 
intermediate between the planes of the two aerials, the current 
in the larger frame, and hence the magnetic field in the asso- 
ciated field coil, will be disproportionately large, and the re- 
sultant field will be distorted. The polar diagram of the system 
as a receiver will, in fact, no longer be a simple figure eight 
curve. The effect of this upon the bearings taken at the station 
will be that they are all distorted towards the plane of the 
larger loop, and in the limit, if the smaller loop were reduced 
to nothing, all bearings would clearly be in the direction of 
the remaining frame. | 

When errors of this type appear and can be traced to 
inequality of the aerials, there are two ways in which they may 
be eliminated. The most obvious way is to make the frames 
equal in area, and the other is to put chokes in the larger 
loop until its receiving power is reduced to that of the small 
loop. This latter method is more applicable to ship installa- 
tions, and is dealt with again on page 365. If the direction 
towards which bearings are distorted is not due to inequality 
of the aerials, and, moreover, does not coincide with the plane 
of either of the frames, then the above simple remedies cannot 
be applied. 

Referring again to Fig. 275, it is seen that the direction in 
which bearings are distorted is the line 35°-215° East of North. 
Suppose now that the complete aerial system be rotated 
35° in a clockwise direction, and the pointer of the radiogonio- 
meter be moved on its spindle through 35° in the same direc- 
tion. If the errors were actually due to some special condition 
in connection with the site and were entirely independent of 
the aerial system itself, then we have now exactly the same 
error curve as before, but we have also an aerial system in which 
the planes of the two frames lie in the directions of no error, 
one of which is that towards which bearings are distorted. 

The symptoms are now those of an aerial system in which 
one frame is larger than the other, and although in this case 
we know this is not so, yet the same remedy may be applied, 
namely, that of reducing the area of the appropriate aerial. 
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This is done by taking a few feet of wire at a time out of the 
aerial until bearings are found to be correct, or at any rate 
the quadrantal errors have been reduced to a negligible amount. 

Precautions in Making Aerial Adjustments for Cali- 
bration. Choke Method. The chief reason why this 
method is more applicable to ship installations is because it 
renders possible the slight alterations in the calibration of the 
system which are sometimes required on shipboard, owing to 
an alteration in the position of steel wire stays, etc., on the 
ship and in various other circumstances. On shore, the cali- 
bration of a station is usually fairly permanent, although it 
may sometimes be advisable to use the choke method, for 
instance, when errors vary in extent on different wave lengths. 

The chokes may be inserted in the form of two inductances 
of equal value on either side of the field coil of the radiogonio- 
meter, and two non-inductive resistances of the same resistance 
as that of the chokes may be inserted in the other aerial with a 
view to keeping the resistances of the loops as nearly equal as 
possible, though this is, perhaps, rather arefinement. Fine ~ 
adjustment can be had by arranging the chokes in the form of 
a variometer, or alternatively two variometers may be used, 
one in each aerial circuit and so linked mechanically that as 
one is increased the other is reduced. 

Calibration by Reducing the Area of one Frame. . 
When making a trial adjustment on the size of the frame, a 
bight should be taken in both lower limbs of the loop, Fig. 276, 
showing alternative methods of doing this, the second of which 
is a very quick and convenient way of reducing the area. 
When the correct amount has been fixed upon, it isnot advisable 
to seize off the aerial and leave it since, if the length of wire 
cut out of circuit be at all great and an intermittent contact 
develops at some future date at the point where the seizing 
occurs, puzzling noises, errors or variations in signal strength 
will then make their appearance. The aerial wire should 
on no account be cut and soldered, and it is advisable to remake 
the lower part of the frame altogether, modifying the dimen- 
sions in accordance with the information gained from the test. 

Calibration of B-T Installation on Transmitting 
Station Site. Some actual figures in connection with the 
calibration of the installation shown in Fig. 251 will serve 
to show the very serious errors which are encountered when 
D.F. aerials are rigged under a transmitting aerial and mast 
system. In this particular case it was necessary that the 
lower limbs of the loops should be 35 feet from the ground, 
as the transmitting station was equipped with elevated earth 
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wires which came out from an insulator in the roof and ran 
horizontally between two poles for some 30 feet and then 


fanned out to buried earth plates. These two poles can be 


seen in Fig. 251. The steel masts were 200 feet high 
and the down lead from the main aerial was stayed out between 
two of the limbs of the B-T aerial and led into the transmitting 
room immediately below the loops. Failure to insulate this 
lead where it entered the transmitting room when using the 
D.F., was found to cause distortion of certain bearings to the 
extent of 13°. Near the station was an engine room with an 
iron roof, two iron sheds, buried and overhead telegraph 
lines, buried cables and iron drain pipes and an iron fence > 
round three sides of the site. . 
The centre line of the main aerial and masts was found 


Fig. 276.—Methods of Reducing, Temporarily, the Area of a B-T Loop. 


by the method of horizontal sextant bearings and the Ordnance 
Survey map, to bear 474° and 2274° from true North. The 
aerials were rigged, one exactly in line with the masts and the 
other, of course, at right angles and both of the same area, 


namely, 7,000 square feet. Since the aerial which in anormal __ 


installation would be North and South, was in this case 47$° 
and 227°, the pointer of the radiogoniometer was moved so 
as to indicate a minimum at 474° when the “‘ N-S ”’ field coil 
was excited by a' battery and buzzer, the E-W aerial being 
disconnected. 

The first set of check bearings showed a maximum error 
of 123° with a very obvious quadrantal effect, having zero 
errors near the direction corresponding to the centre line of ~ 
the masts. The ‘fore and aft” loop was accordingly reduced — 
by the method shown in Fig. 276, by sliding the seizing up ~ 
the bight of the wire to a point 16 feet from the thimble. This 

reduced the maximum error to 6°. A number of further 
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modifications were made in the size of the loop until eventually 
when 27 feet of the bight had been taken out, the maximum 
error was reduced to about a degree. The aerial was then 
remade to this size, which was approximately 5,000 square feet. 
A number of residual errors still existed, but none greater 
than a degree, which was as good a result as could be expected 
in such a situation. It is very unlikely that a B-T system 
erected anywhere else on the site except on the centre line of 
the main mast and aerial system could have been calibrated 
to give anything approaching this accuracy as the error curve, 
instead of being quadrantal, would have followed some other 
less symmetrical law which could not be corrected by any 
simple means. 


CHAPTER uD 
THE SHIP D.F. INSTALLATION 


The installation of accurate wireless direction finding 
equipment on shipboard, and its successful operation, present 
a number of problems which are never encountered on the 
shore D.F. station. Practical experience of the conditions 


rr re 


under which the apparatus has to work at sea has resulted in — 


a complete re-design of many essentials, including the aerial 
system, methods of leading-in from the aerial to the receiver, 
and nearly all the D.F. and receiving apparatus. 

In the present chapter it is proposed to follow the. lines 
of the previous one, but to deal in detail only with the 
particulars in which the ship and shore B-T installations 
materially differ one from the other. The testing, calibration 
and actual direction finding have a good deal in common. 

Bridge or Wireless Office. The choice of location for 
the D.F. instruments will not, as a rule, lie with the person who 
carries out the installation of the gear, but the question as to 


whether the chart room or wireless office is the better site is | 


open to some doubt. In spite of several disadvantages, the 
wireless office is now the more usual site chosen, the balance 
of argument being in its favour for the following primary 
reasons : 


(x) Although an instrument of navigation, the D.F. , 


is essentially wireless apparatus and must be under the 


constant supervision of the telegraphist if he is to bé 


responsible for its efficient working. i 

(2) In many ships the distance between the wireless 
office and the bridge may entail a walk for the telegraphist, 
with a delay of a minute or two whenever a bearing has 


to be taken. During this time a listener must keep watch 


on the main receiver. 
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(3) By having the D.F. always available, the telegraphist 
may familiarise himself with its use and become expert 
at taking snap bearings. 

(4) Although the proximity of the down lead of the 
main aerial is a disadvantage, the use of a moderate length 
of, leading-in cable allows of the aerials being rigged well 
free of interference from this cause, without appreciably 
affecting the accuracy of the bearings. 

(5) On some shipping lines the presence of the tele- 
graphist on the bridge may be deemed undesirable, and 
such conditions do not tend towards the co-operation 
which is so essential if the best results are to be obtained 
with the apparatus. 

(6) If the instruments are installed in the chart room, 
remotely controlled automatic switches are necessary to 
ensure, firstly, that the main aerial is insulated when the 
D.F. is in operation; and, secondly, that the D.F. appa- 
ratus is suitably protected when transmission is taking 
place cn the main aerial. 

(7) Although the wireless office site renders it im- 
possible, in most ships, for the telegraphist to keep in 
direct communication with the person taking the magnetic 
compass readings coinciding with the D.F. bearings, a 
satisfactory substitute can be found in the telephone or 
a prearranged system of bellsignalling. If a gyro-compass 
be installed in the ship and a repeater dial in the wireless 
office, the conditions for accurate D.F. work are very 
favourable, but the gyro-compass is, at present, seldom 
fitted in merchant vessels. 

(8) If in the W.T. Office, the D.F. may be used for 
directional reception of traffic and consequent reduction 
of interference. 


The above refers, of course, to the average D.F. equipment 
and staff. In Chapter 4 there were shown some rotating 
frame D.F.’s which were simplified in design and suitable for 
operation by persons who are not skilled telegraphists. Again, 
there are certain types of special service, such, for instance, as 
Coast Guard Patrols, etc., in which the officers may be specially 
selected and are well able to get good results from D.F. gear 
installed on the bridge. These, however, are rather special 
cases. 
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AERIAL SYSTEMS 


The methods adopted for rigging the B-T aerials on board 
ship have passed through three stages of development since 
the early use of D.F. in ships. Up to 1922 it was common 
practice to fit loops of the maximum possible area, these being 
rigged from jumper stays between masts or funnels, etc., and 
with the thwartship loop often the full beam of the vessel. 
Up to 1925 there was a tendency to reduce the size of the loops 
and to adopt a much more rigid mode of support, such as 
short, robust spars specially erected for the D.F. loops on 
the boat deck or other convenient space. Whilst the smaller 
loops resulted in reduced signal strength and needed higher 
amplification, it was easier to find a site for the aerials which 
was near the W.T. office and yet free from derricks, etc.. Finally, 
in 1926, there was a movement towards still smaller and — 
multi-turn B-T frames, which are surrounded by an earth 
screen and may be enclosed in weatherproof casing. Recent 
experience has shown that in some ships it is easier to obtain 
and—what is still more important—to maintain a reasonable 
degree of accuracy by the use of these small fixed frames. 

It has become customary in B-T ship installations to refer 
to the large aerials as “‘loops’’ and to the smaller multi- 
turn aerials as ‘“‘ frames,” in order to distinguish between the 
two designs. 

Since ships will continue to sail with the older forms of 
loop, these are described below, together with the evolution. 
of the smaller loops and frames, and the changes which have 


taken -place meantime in the receiving apparatus and the — 


precautionary measures for increasing the accuracy and 
reliability of the ship’s wireless compass. 


CHOICE OF SITE FOR AERIALS AND METHODS OF 
SUPPORT 


Large Loops (Over 500 Square Feet). At the present — 
day, the normal range of the ship D.F. installation is recog- 
nised to be about z00 miles, and this can be obtained with 
very small loops and a moderately high amplification of 
the received signals. If greater ranges are required for special 
purposes, or if it is not desired to use such high amplification, 
the alternative is to use large area loops, although it is, of course, 
rarely possible to rig aerials which even approach, in size, 
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those used on shore. One of the chief advantages of the large 
loop is that it is less affected by individual structures on the 
_ ship which cause what are referred to as “ local errors ’’ when 
using smaller loops and frames. 

In selecting a suitable position for the aerials, the following 
important points should be borne in mind : 


(1) The two frames must be rigged accurately fore 
and aft, and thwartship, respectively. 

(2) The aerials should be rigged symmetrically with 
regard to the centre line of the ship, although this is less 
important with small multiturn frames. | 

(3) The -aerials should not interfere with or be inter- 
fered with by the rigging of the ship. 

(4) The position selected for the aerial should be as 
hear as possible to the position selected by the owners of 
the ship for the D.F. instruments. 

(5) The aerials should, if possible, be rigged in a position 
which will not necessitate their being unshipped when 
in port. 

(6) Each loop should be symmetrical about its central 
vertical axis. 


The preliminary survey must usually be made whilst the 
ship is in port, and although under such conditions a better 
_idea may be gained of the space required by the derricks, etc., 

it must be remembered that in certain cases essential steel 
wire stays are slacked off when working cargo. Occasions 
have arisen in which aerials have been rigged in apparently 
ideal positions in port and have been rendered useless later 
owing to a steel stay passing close to or even through the 
loops, producing electrical coupling between them or out of 
balance capacity to earth, with errors of 10° or more. 

Electrical interference from motors is also difficult to judge 
when the ship is in port, and although a site be chosen where 
induction from derrick motors can be eliminated, a multitude 
of ventilating fan motors will probably be in operation when 
the ship is under way, or in the tropics, and may give endless 
trouble. : 

With regard to electrical interference it may be mentioned 
that dirty commutators on cabin fan motors are a fertile source 
of trouble. 

When the aerials are rigged on a boat deck, the aerial stays 
must not interfere with the working of the boat derricks, and 
due consideration must be given to the subject of head room 
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and the possibility of deck cargo. The aerials should always 
be out of reach of passengers and should not encroach on 
passengers deck space ; furthermore, no part of the installation 
should be placed in a position which is considered unsightly 
when alternatives are available. 

It will therefore be seen to be advisable to have a consul- 
tation with someone in authority in the ship before making 
any decisions and, when possible, all electrical apparatus 


Fig. 277.—-Inverted Fore and Aft Loop. 


should be put into operation for the purpose of testing, on 
a temporary aerial, the extent to which electrical screening 
of power leads, etc., will be necessary. 

The problem of finding a site for loops of the requisite 
size becomes a serious one at times, and particularly in a small 
vessel such as the one shown diagrammatically in Fig. 277. 
Suppose that in this case the W.T. office is forward and the 
only clear space for the aerial is over the bridge. The rigging 
of the thwartship aerial is comparatively easy ; a jumper stay 
to support the apex and the lower corners stayed out to the 
bridge wing shelters. Jf now the fore and aft loop be supported 
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from the same point, as shown dotted, it will be necessary 
to stay out to the mast and this fore stay will foul the derricks. 
A method of overcoming the difficulty is to invert the fore 
and aft loop as shown in the 
figure. For this arrangement, 
the jumper stay must be hori- 
zontal, and the aerial supported 
a foot or so away from the stay 
and parallel to it. A bad point 
in connection with this scheme 
is that a flat-topped aerial may 
be productive of bad minima 
as, owing to the motion of the 
ship, the electrical centre of the 
loop may move and affect the 
symmetry of the aerial system. 
The ship shown in the photo- Fig. 278.—Separated Loops. 
eraph of Fig. 285 was, however, 
fitted with an aerial of this type and gave excellent results. 
An alternative solution is given in Fig. 278, in which the 
loops are separated, enabling the fore and aft loop to be stayed 
out to a special spar erected over the bridge, whilst the thwart- 
ship loop remains in the same position as before. This arrange- 
ment. 1s quite 
permissible and 
an example of it 
also exists in 
_-THWARTSHIP LOOP Fig. 285. 
FORE AND AFT LOOP Merchant or 
passenger  ves- 
sels having two 
funnels will 
usually be large 
enough for sites 
to be found for 
the loops which 
are compara- 
tively clear. On 
the other hand, 
in the case of a 
warship, say a 
small cruiser, 
the greatest difficulty may be found in selecting an approved 
site. Fig. 279 shows an arrangement which has been used 
successfully, consisting of a rectangular loop between the 
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funnels and a triangular thwartship loop supported from a 
jumper stay between the masts. In such a case the fore and 
aft loop will be very much smaller than the other, owing to 
the effect of the funnels, but the calibration of such a system 
may, nevertheless, be quite straightforward. 

Local Errors. One of the chief difficulties to be faced in 
the ship installation is a type of error introduced by metal 
structures near the loops. Steel wires have already been 
mentioned in this connection and there are many other objects 
such as ventilators, rails, water tanks, cargo or boat derricks, 
engine room casings, etc. In case there is any doubt about 
the earth connection of a metal structure near the loops, this 
should be inspected and a good connection made, which will 
at least prevent the error from being an intermittent one. 
Where possible the cause of the trouble should be removed, 
but since this is rarely practicable, the only alternative is to 
rig the loops as far as possible away and to use as large loops 
as possible, it having already been pointed out that large loops 
are less affected by any one individual! metallic mass than are 
small ones. Steel wires such as whistle lanyards or the jack 
stays supporting them should be broken at intervals by means 
of porcelain insulators if they pass near to the aerials, and 
this also applies to jumper stays. If possible no metal should 
come within six feet of the loops. 

Serious errors are sometimes caused by induction from closed 
loops formed by the ship’s rigging. A case is on record in 
which the “ loop ”’ consisted of the funnel, a stay from the top 
of the funnel to the fore-mast, shrouds and the steel deck. 
In fair weather no il effeets were noticed, but during wet 
weather or when spray was flyang the serving under the thimbles 
of the steel ropes became conducting and this loop caused 
violent distortion of bearings. In certain instances bearings 
which should have been on the starboard bow were made to 
appear on the port below. This very dangerous form of error 
in which bearings appear in the wrong quadrant is also caused 
by “lack of symmetry,” and is referred to later on pages 356 
and 359. 

The remedy in the above case consisted in having strop 
insulators of the form shown in the triatic of Fig. 258, spliced 
into one or more of the stays forming the loop. 4 

Fig. 280 shows a not uncommon occurrence, the loops being 
situated so that if the lower limb of the fore and aft aerial be 
horizontal, one half will run immediately above a water tank, 
whilst the other half is free of all obstructions. In order 
to avoid out of balance capacity and lack of symmetry error 
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(page 356), it is advisable to have a diamond-shaped loop 
as shown by the full lines in the figure. The same trouble has 
been known to occur owing to an awning being erected under 
one limb of an aerial and the errors were found to be variable 
depending on whether the awning was wet or dry, and again the 
elevation of the outer ends of the loopscleared the fault. 

Earth Screened Loops. In cases where the elevation 
of the outer corners of the loop does not eliminate the error 
due to stray capacities, an earth screen may be fitted consisting 


Saree seeped Seah tae Feng ca 
Fig. 280.—Diamond Shaped Loop to Avoid Capacity Unbalance. 


~ of one or two wires stretched about two feet below and parallel 
to the lower limbs and connected to earth. If the loops are 
small enough a screen may be erected round them in somewhat 
the same way as that used for the small fixed frames shown 
in Fig. 289. It must be remembered, however, that a capacity 
screen will only cure errors due to capacity effects, and that 
if the trouble is due to induction (7.c., magnetic effects) from 
spurious loops, etc., the screen will probably be of no help. 
Methods of Supporting Loops. Upper Support. There 
is rarely any difficulty in finding a means of support for the 
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apexes of the loops, as jumper stays are frequently found | 
in convenient positions between mast and funnel or between © 
masts. It will be necessary to insulate any such stay at 
several points along its length, so that no one stretch is more 
than about 50 feet, to prevent losses due to induced currents © 
and also the extreme distortion of bearings which results when 
the jumper stay forms a part of a closed metallic loop, as in 
the case when it is between funnels. If the stay is short, 
a comparatively rigid support can be obtained, but if it is more 
than 70 feet in length there 

will usually be some sway. 
Failing a suitable existing 
jumper stay, one must be 
rigged, and it is an advantage 
to make provision, in every 
case, for lowering off the stay 
to allow of inspection and re- 
pairs to the aerial. The stay 
should have a ring spliced or 
shackled into it to which to 
attach the apex insulator, and 
it is of vital importance that 
this should be over the lower 
centre support. Further de- 
i ae tails in connection with the 
. oe construction of the aerial and 
eae 1) SS its effective insulation are 

os a, <i> given on page 345. 
ia See = Lower Support. The 
oe a OS exact form of the lower sup- 
alee a ie - ek port depends upon the form 
MEL SON HU Ta Bo, Of lead-in adopted. In some 
pe eran, Junction Boxes cases the shore method of 
or Leading-in Cables. : : 

~ porcelain telegraph insulators 
and bare wire may. be employed, but more usually some form of 
cable is used and this involves a suitable support for the cable 
junction boxes. Fig. 281 shows a centre support designed 
for the case of aerials having a common vertical axis, the 
wooden pillar being fitted with four telegraph insulators on 
the usual swan-neck spindles to take the strain of the lower 
limbs of the loops. Immediately below them are the junction 
boxes. The necessity for making any wooden structure of this 
type very robust is not only on account of the weather con- 
ditions but also the rough treatment which it gets at the hands 
of persons working in the vicinity and who have not yet 
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‘learned to treat the wireless compass with anything approach- 
ing the reverence displayed in the case of the magnetic compass. 

Outer Supports. As a means of attachment of the stays 
from the lower extremities of the loops, awning stancions, 
bridge wing shelters, rails, etc., can be used with the per- 
mission of the authorities. In cases where convenient an- 
chorage is not available, spars may sometimes be run out hori- 
zontally from the roofs of deck-houses, which will also allow 
of a thwartship aerial being rigged of the required dimensions 
in a vessel of rather small beam. 

The staying of the fore and aft loop in the case in which the 
aerials are rigged over the bridge, has already been mentioned, 
but when the arrangements shown in Fig. 277 and Fig. 278 are 
neither of them possible, the final alternative nearly always 
remains of bringing a stay to the fore mast and if this is liable 
to foul derricks it may be secured in such a way that it can 
be easily cast adrift when the ship is working the holds. The 
stay may alternatively be attached to a special spar on the 
lines suggested for the thwartship loop. Full sanction must 
be obtained for all structural alterations, however slight, and 
the standard of work done should conform to ship practice, and 
be as sound as possible. . 

Construction and Insulation of the Aerials. The 
loops are made of stranded silicon bronze wire, about 7/19 
or 7/22 in size, and the notes given on page 294 apply equally 
to the ship aerial, so far as the necessity for maintaining 
a continuous length of wire free from joints and kinks. 

To withstand the severe weather conditions, it is preferable 
not to rely on a small thimble seized into the bight of the loop 
at the corners and apex. A special fitting for ship use is 
shown in Fig. 282, in which the aerial wire is secured by means 
of clips to a brass casting which ensures that there shall be 
no sharp nips in the wire and prevents the wire slipping or 
working loose, as it may if depending only on a small wire 
seizing. The aerial wire is further protected by a copper sleeve 
at the point where it is attached to the corner fitting. 

The complete corner and apex insulators are shown in Fig. 
282 and Fig. 283, each being spring hung and the corner support 
being also fitted with a rigging screw. This may be replaced 
by a rope lanyard. 

Having decided upon the lower points of support, the aerial 
wire should be run through the apex insulator, through the 
shackles of the corner fittings, the springs and insulators being 
in position, and then cut off to the required length at the centre 
support, allowing enough “‘ tail ” to reach the junction boxes, 1f 
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fitted. Having marked the positions for the fittings at the 
outer corners of the loops and at the centre support, the 


SPRING 


RIGGING SCREW 


COPPER TUBE 


CORNER FITTING 
ee, 


——BULL DOG GRIPS 


Fig. 282.—Aerial Corner Fitting and Insulator. 


jumper ey should be slacked off and the loops measured up 
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Fig. 283.—Apex Fitting and Insulator 
for B-T Loops. 
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to make sure that they 
are symmetrical. That 
is to say, the apex insu- 
lator must be exactly half 
way between the outer 
corners and the lower 
limbs should be equal in 
length. The thwartship 
loop may now be _per- 
manently rigged, and 
made off to the telegraph 
insulators at the centre 
support ; but the fore and 
aft loop will probably 
have to be altered in size 
during calibration, and 
the rigging, whilst being 
fairly secure, should not 
be of a very permanent 
nature. As a first ap- 
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proximation, the fore and aft loop may be made about four- 
fifths the area of the thwartship loop. 

Fig. 284 shows a general view of a vessel fitted with large 
loops. The photograph is taken looking aft, and shows the 
aerials rigged over the boat deck awning support. The cable 
junction boxes can be distinguished on the centre support 


Fig. 284.—View of Vessel fitted with Large B-T Loops. 


and on the starboard side one of the vertical spars can be seen 
which supports the corner of the thwartship loop. The fore 
and aft loop has been kept clear of the awning by making it 
diamond-shaped. The apex insulator is supported from a 
jumper stay. : 

Reference has already been made (page 341) to Fig. 285 
which shows an installation in which the fore and aft aerial 
has been inverted to avoid staying down to the mast. This 
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loop has also been moved aft from the centre line of the thwart- 
ship loop in order to leave a clear space for the signal halyards, 
which can be seen in the photograph. 

Medium Sized Loops (250 to 400 Square Feet). Owing 
to the extreme difficulty of finding, in some ships, a site 
which is sufficiently clear to rig large loops, near enough to 
the wireless cabin, and in which it will not be necessary to un- 
ship part or all of the aerial in port, recourse is often had to 


Fig. 285.—View of Vessel with Separated Loops and the Fore and 
Aft Loop Reversed. 


loops of between 250 and 400 square feet in area. These 
loops are preferably supported from five spars erected specially 
for the purpose ; one at each corner and a centre post at — 
least six feet higher than the others. This ensures that the 
loops have a definite apex which, as already mentioned (page 
341),iSagreat advantage in the ship B-T aerialsystem. Fig. 286 
gives specimen dimensions for medium sized loops, and the 
photographs of Fig. 287 and Fig. 288 are of typical ship in- 
stallations. 

Owing to the reduced area of the fore and aft loop it is often 
possible to dispense with the lower corner fitting as in the case 
illustrated in Fig. 287. | | 
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CENTRE POST 
FITTING 


DECK 
Fig. 286.—Dimensions of Medium Sized Loops. 


Fig. 287.—Vessel Fitted with Medium Sized B-T Loops. 
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Small Fixed Frames. Small multi-turn frames with a 
capacity screen are shown in Fig. 289, and these have enabled 
the B-T system to be very successfully operated in ships 


Fig. 288.—Vessel Fitted with Medium Sized B-T Loops. 


where the larger loops could only have been rigged at great 
inconvenience. The number of turns varies from 5 to to, 
depending upon the type of radiogoniometer used and the 
wave length range which is required. In the illustration there 
are 5 turns on each frame, the size of the turns being approxi- 
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mately 6 ft. by 4 ft. The wire used is 7/22 bare copper, and 
it is supported on porcelain reel insulators threaded on brass 
rods. The framesare well spaced where they cross one another. 
The screen is of the same wire and is composed of a series 
of horizontal loops spaced 44 inches apart, and all bonded by 
a vertical earthing lead. Only one of these vertical earthing 
bonds is used, and the screen loops should not be in contact 
elsewhere with either the woodwork or any metal. 
It is very important that the fore and aft frame should 


Fig. 289.—Small B-T Multi-Turn Frame Installation with Capacity Screen. 


be truly parallel to the centre line of the ship, and provision is 
made for sighting along the top centre turn in order to make 
quite sure on this point. It is also an advantage to have the 
frames as near to the centre line of the ship as possible, but 
this is not essential. 


LEADING-IN OF THE AERIALS 


The simple shore method of supporting bare wires on tele- 
graph insulators, from the aerial base support to the wireless 
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office has a number of disadvantages in the case of the 
ship installation. In the first place, the leading-in wires are 
usually much longer than on shore, and the aerial loops are 
smaller, so that an appreciable proportion of direct reception 
will result. Secondly, the leads frequently have to be run in 
exposed positions where there would be risk of damage to 
insulators and wires, both of a mechanical nature and also 


due to weather. Furthermore, any such arrangement would ~ 


be considered unsightly in most ships. If, however, it is 
desired to use this type of lead-in, say, as a temporary expe- 
dient when cable is not available, the leads may be supported 
on either side of a plank as shown in Fig. 290. The trans- 
position (page 299) is effected in this case by crossing the 
i wires of each pair of 

—— leads so as to form dia- 
45°, mond-shaped loops and 
yy’ sO arranging that the 

7. intersections, )0,meame 

Fig. 290.—Screened Lead-in. pair of leads are inter-_ 
mediate between those 


of the other as shown in the figure. 

It is difficult to, carry the continuous length of aerial wire 
from the loops right through a lead-in of this type, and the. 
silicon-bronze wire is too springy to allow the transposing to 
be carried out neatly. The lead-in may therefore be made of 
insulated cable (say 7/22 V.I.R. Braided), which has the addi- 
tional advantage of rendering unnecessary any elaborate 
design of porcelain insulator, ordinary porcelain cleats serving 
the purpose quite well. 

Shielding Lead-in. Supported from the upper and 
lower edges of the plank is a shield of copper, zinc, or galvanised 
iron sheet, a portion of which is shown in Fig. 290, and this 
will serve both as an electrical screen and asa protection against 
the weather. This screen need not be absolutely continuous, 
but it should be connected to “‘ earth’ at a number of points 
along its length. 

Leading Through Bulkheads. If the bulkhead through 
which the lead-in has to enter the wireless office is exposed to 
the weather, the leads must be taken through suitable water- 
tight glands, and for this purpose it may be necessary to wrap 
them with insulating tape to make them the right size. It 
will probably be convenient to wrap, the leads in pairs, care 
being taken to prevent the wires coming in contact with each 
other or with the metal work of the gland. 

The above type of lead-in is essentially of a make-shift 
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ature, and the following method employing lead-covered 
rubles has many advantages. 

Lead-Covered Paper, Cables. ‘A more practical solution 
f the problem of a satisfactory lead-in lies in the use of lead- 
»vered, paper-insulated twin wire cable, constructed so as to 
ave as small a capacity between the conductors as possible, 
he necessity for which is discussed below. By adopting 
-elephone cable practice and using dry paper loosely packed 
‘or the purpose of keeping the wires in position, the dielectric 
vecomes chiefly air and it is possible to construct a cable as 
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Fig. 291.—Lead-Covered, Paper Insulated Twin Cable for 
Leading-in. (About Half Size.) 


shown in Fig. 291, the capacity of which is only 0-00086 
micro-farad between wires, per 100 foot run. 

The use of paper cable introduces the need for junction 
boxes at either end, an example of the outer ones being shown 
in Fig. 281, and the internal ones can be seen in Fig. 292, which 
shows the cables entering the W.T. office. The outer junction 
boxes are usually of brass if there is any chance of their being 
used near the magnetic compass. In fitting these junction — 
boxes, all the usual precautions must be taken not to burn 
the compound with which they are filled, to ensure that all 
soldered joints are thoroughly sound before the compound 
is put in, never to leave the cable unsealed for any length of 
time, and to be sure that the boxes are fitted the right way up, 
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or the compound may run out if the bulkhead on which the 
boxes are mounted is subjected to heat. 

In selecting a position for the cables to be run, the shortest 
route should be chosen consistent with safety from mechanical 
damage. A number of faults have been traced in ship D.F. 
installations to the fact that nails have been driven through 
the cables or the lead covering has been broken or chafed 
through. In addition to this obvious damage there is also 
the chance that the cable may be compressed, thereby causing 


Fig. 292.—Interior of W.T. Office showing Internal Junction Boxes. 


a difference in the capacities of the two conductors to the lead 
sheath. This will introduce trouble due to asymmetry of the 
loop, and it is preferable to run the two cables together in a 
steel conduit, which must not, however, be brought within 14 
feet of the magnetic compass. | 


LOOP TUNING ERROR : 


When the distance between the wireless office and the 
aerials makes it necessary to employ great lengths of leading-in 
cable, trouble arises owing to the natural wave length of the’ 
aerial circuit—which includes aerial loop, lead-in and radio- 
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goniometer field coil—reaching a value which is within the 
range over which the set is designed to operate. 

Fig. 293 shows, in diagrammatic form, the capacity of the 
two wires of the leading-in cable, and also the capacity of 
each wire to the lead sheath. These two capacities C. and C, 
in series are connected in parallel with C, and therefore in- 
crease the capacity of the loop. Not only may the natural 
period of either loop reach too high a value, but there is also 
the probability that since the loops are of different sizes, 
and are differently affected by adjacent structures, the natural 
periods of the two loops will not be the same. If by any 
chance the leading-in cables are not made the same length, 
the relative loop tunes will also be affected. The result is 
that when the aerial system is tuned to a wave length ap- 
proaching the critical period for either loop, the amplitudes 
of the currents will no longer 
be directly proportional to the 
loop E.M.F.’s, but will depend 
also upon how nearly the loops 
are to the tuned condition. 
Bearings will thus be distorted 
and changes in the relative 
phases of the loop currents will 
cause indefinite minima. 


In order to be on the safe side, NOM oers 
the loop wave length should not Fig. 293.—Self Capacity of Lead- 
exceed three-fifths the minimum Covered Twin Cable. 


wave length it is required to 

receive. With medium-sized single turn loops, lengths of 
leading-in cable up to 150 feet have been successfully used 
on wave lengths as low as 600 metres, but this is a far longer 
cable than is advisable, and distances between aerial and W.T. 
cabin of 20 to 50 feet are more usual. 

Test for Loop Tuning. The natural period of each 
loop may be found quite simply by means. of a wave meter 
excited by a battery and buzzer. Place the wave meter in 
such a position that fair strength signals can be heard with 
reduced amplification and the receiver correctly in tune. 
Now set the D.F. receiver to its minimum wave length, switch 
- on full amplification and gradually reduce the buzzer wave 
length. As the wave meter passes through the tune point 
of the loops, the note should be heard, and by setting the 
search coil so that it is coupled first with one and then the 
other field coil, the two loop tunes can be found. In order 
that this test shall be successful it is important to have a fairly 
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aperiodic amplifier. Ifthe amplifier has a well-defined optimum 
wave length, this may mask the loop tunes to some extent. 
Aerial Transformers. Loop tuning, when using long 
cables, can be avoided by the insertion of tightly coupled ratio 
transformers in the aerial circuit, at the junctions of the loops 
and the cables, as shown in Fig. 294. By using transformers 
having a ratio of 5:1, the high inductance winding being in 
series with the loop, the natural wave length of large loop 
aerial with 100 feet of cable can be reduced from 500 metres 
to just over 200 metres. Owing to the low inductance of the 
secondary windings of the transformers, it is necessary to have 
low inductance field coil windings on the radiogoniometers ; 


{ 
ele eae 


SS ae 


_ PARALLEL CALIBRATING CHOKE 
Fig. 294.—Arrangement of Ratio Transformers in Aerial and Lead-in. 


but the decrease in the number of turns allows stranded wire, 


of larger overall section, to be used, and the reduction in the 
losses in the windings compensates for those introduced by 


the transformers. These ratio transformers are not in general 
use, as the small fixed frames with a short lead-in have largely 
replaced the large loops with extremely long cables. 


LACK OF SYMMETRY ERROR 


A type of error to which the above name has been given 
may occur in any B-T installation, but is perhaps more 
common in ships and is therefore dealt with in this chapter. 
It shows up as a warping of all bearings towards a certain 
point on the scale of the radiogoniometer which coincides 
always with the plane of one of the field coils. Note that 
it is not like the quadrantal error in which bearings are warped 
towards two diametrically opposite points on the scale. The 
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distortion may vary from a small amount, with or without 
indefinite minima, to the extreme ‘case in which all bearings 
are apparently in the same direction and sense. 

When the lead-in from loop to D.F. instrument is very 
short, we have seen that it is usual to connect the mid-point 
of the field coils direct to earth for figure eight reception in 
order to protect the aerials from static charges and also to. 
eliminate vertical. Now, provided that the loops are: elec- 
trically symmetrical, the earthed mid-point of the field coils 
should take care of any vertical; but in practice it is very 
rarely that the aerial loops are rigged under such ideal con- 
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Fig. 295.—Theory of “ Lack of Symmetry ” Error. 


ditions as to be free from some degree of out-of-balance capacity 
of the type which would occur, say, in Fig. 280. Similarly, 
the cables may not be well balanced, and the capacity C2, 
Fig. 293, may not be the same as that of the other wire C3. 
Owing to out-of-balance capacity effects, either between a limb 
of the aerial and a deck house, or due to a faulty cable or other 
similar causes, the distribution of the potential in the loop, 
when it is oscillating as an open aerial, is unsymmetrical and 
the electrical mid-point of the field coils is also no longer at the 
point where the tapping is made. Under these conditions 
the two currents through the two halves of the field coils are 
unequal, and an error is introduced which is extremely serious 
in that bearings may be made to appear in the wrong quadrant. 
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In Fig. 295, let O be the earthed mid-point of a radiogonio- 
meter, F: and Fa the two halves of a field coil and F and A the 
leads to the corresponding loop. Similarly S and P are the 
second loop with its associated field coils. If X O represents 
diagrammatically the direction of an incident wave, then it has 
been seen in Chapter 5 that the two currents Ifa and Isp in the 
corresponding aerial circuits will be in the ratio Sin 9 to Cos 6 
and the resultant flux in the field coil system will indicate the 
direction of the incident wave on the aerial system. From 
Fig. 14, we saw that the effective loop E.M.F. was the differen- 
tial effect of two much larger E.M.F.’s in the side members 
of the loop, and that it was these which produced “ vertical.” 


Fig. 296.—Graph of Lack of Symmetry Error. 


Thus, in Fig. 295, Isa is the current due to the effective loop 


E.M.F. in the F A loop, whilst Va and V: are the two re- ’ 


maining vertical effects which, flowing in opposite directions 
through the field coil towards the mid-point, neutralise one 
another and produce no effect upon the search coil. 7 

Now suppose that due to one of the causes mentioned above 
the current due to the E.M.F. Vt in the F limb becomes 
very much larger than it should be. The current Ita will 
be increased, and the position of the resultant R, and hence 


of the apparent bearing, will be distorted. If, on the other — 


hand, a large stray capacity current flows in the limb A, 
the effective current Ira will be reduced, and clearly, in certain 
circumstances, I:.2 might be completely reversed, giving the 
bearing the appearance of being at O Y in the adjacent quad- 
rant. Such an error in a ship D.F. may be a source of great 
danger when the apparatus is being used in fog for locating 
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other ships. Since the vertical E.M.F. and the effective 
loop E.M.F. will normally be in quadrature (see page 27), 
the minima will be correspondingly indefinite. 

In Fig. 296 the horizontal scale is that of a radiogoniometer, 

in which it is assumed that the axis of the F A field coils 
of Fig. 295 is along the o°—z80° line, and that of the S P 
coils along the 90°—270° line. If, now, the Ita current be- 
comes too large, there will be a permanent out-of-balance flux 
in the F coil which will have the effect of making all the 
bearings from 0° to 180° too great and all those from 180° 
to 360° too small, and bearings will all be distorted towards 
the 180° direction as shown. If the Ira current be too small, 
the error will be reversed and will be negative in the first two 
quadrants. In the same way, if abnormal currents flow in 
either limb of the S P loop, then Isp will become either too 
large or too small and bearings will be distorted either to the 
270° or go° directions. . 
In very bad cases of lack of symmetry, all bearings may 
appear to be in one direction. In the other extreme, a very 
slight element of lack of symmetry may show up as a tendency 
for one of the minima on figure eight to be indefinite when 
signals are very strong ; the minimum becoming sharper when 
the amplification is reduced. 

The Static Leak. Slight lack of symmetry which appears 
when there is a direct mid-point connection to earth in the 
-radiogoniometer may be eliminated by substituting, for the 

direct earth connection, a high impedance path to earth, 
which acts as a leak for static charges on the aerial, 
but does not introduce this type of vertical owing to its de- 
tuning effect and the damping which is added to the open 
aerial circuit. This static leak is only included in the circuit 
when the figure eight diagram is in use ; for sense determina- 
tion the tertiary winding of the shielded transformer and the 
phasing resistance take its place. When aerial ratio trans- 
formers (page 356) are used, the static leak is connected to 
the mid-point of the primaries and it becomes necessary to 
have a special aerial for the heart-shape circuit. 

Test for Lack of Symmetry. Certain features in the de- 
sign of the average radiogoniometer enable a critical test to be 
made for lack of symmetry, in a very simple manner. Sup- 
pose Fig. 297 to represent the plan view of a radiogoniometer 
in which F: and Fa are two halves of one field coil and Fs and 
F, the other. There is a mid-point connection to earth, and 
inserted in this lead is a small coupling coil to which is coupled 
a buzzer circuit. Now the instantaneous direction of the flux 
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in the field coils due to the effect of the buzzer E.M.F. may | 
be illustrated by the circles and arrows. Since the buzzer 
E.M.F. is applied at the mid-point of each field coil, the | 
currents will flow from the mid-points to the aerials, and the 

fluxes in the halves of the coils will be in opposite directions : 
and will tend to neutralise one another along the centre line 
of the coil corresponding to the go° positions on the scale, 7.e., 
the 0°, go°, 180° and 270° positions, one of which is shown by 
the dotted line O X. Similarly, at the 45° positions, as shown 

by O Y, there will also be a balance of flux and no linkage 


FORE AND AFT LOOP ’ 


i 


OO0Q0 


SYMMETRY 
TESTING BUZZER 


Fig. 297.—Principle of Test for Lack of Symmetry. 


with the search coil, provided that the whole circuit is exactly 
symmetrical and the two loops are the same size. On trying 
other intermediate positions of the search coil, it will be found 
that the flux linkage always tends to cancel out, so that with 
the buzzer circuit used in this way, no sound should ever be 
heard in the telephones. 

Now, the aerial system in a ship is never entirely sym- 
metrical since the fore and aft loop or frame is always made 
to have less receiving power than the thwartship one. The~ 
result of this is that whilst the balance is still maintained 
at the go® positions, when the symmetry test is applied, there 
will not be a balance at the 45° positions since the two opposite 
fluxes linking the search coil are not equal; the impedance, 
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and hence the buzzer current, in the two aerials. being 
different. 

So long, therefore, as the symmetry of each individual 
loop is maintained, there will be no signal at the go° positions, 
but if there is stray capacity coupling to earth from one limb 
of an aerial, or bad insulation or anv other form of asymmetry, 
then clearly the buzzer current in the two halves will be 
different and there will be a signal at one or other of the go° 
positions. 

This, then, forms a very sensitive test for asymmetry and, 
ing ships fitted with B-T gear, a “° Symmetry. Tester.’ is 
frequently made a permanent part of the installation, and the 
‘buzzer is switched on momentarily and the search coil rotated 
before each group of bearings is taken in order to ensure that, 
owing to rough weather or other causes, some mishap has not 
occurred to the aerial system. If the four patches of sound 
are separated by sharp zero points, corresponding to the go” 
positions, it is quite safe to assume that everything is in order. 
This test does not, of course, detect errors in calibration, but 
once the aerial has been made to the correct size to give 
accurate bearings, it is unlikely that anything can happen to 
it which would affect the accuracy of the bearings without, 
at the same time, introducing a certain amount of asymmetry 
which would at once be noticed. 

Minimum Wave for Ship D.F. On short wave lengths 
the effects of stray capacity coupling between the loops and 
metallic portions of the ship become very marked. Since 
the lowest commercial wave length is 300 metres and 450 is 
the more common minimum wave for D.F. working, the trouble 
due to capacity effects alone will not usually be very serious. 
At these low wave lengths, with the B-T system, loop tuning 
will usually make its appearance before actual distortion of 
the field has an effect on bearings, but with any form of D.F., 
trouble may be expected as attempts are made to work 
below 300 metres in a ship, unless unusual measures are 
adopted. 

Horton (260), for instance, cites a case of a man-of-war 
in which the B-T aerial system: was erected midway between 
the ship’s masts and high enough to be entirely above the 
level of the tops of the four funnels. Good minima were 
given with this arrangement, even down to 200 metres, whilst 
quadrantal error was only 2° as a maximum. 
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. MARCONI-B-T MARINE DIRECTION FINDER 


Fig. 298 shows a D.F. receiver developed by the Marconi 


Company for use with the small fixed frame B-T aerials illus- 


Fig. 298.—Marconi-B-T Marine Pattern D.F. (1) True Bearing Indicator 
(Gyro Scale). (2) Relative Bearing Indicator (Fixed Scale). (3) Sperry 
Gyro-Compass Repeater. (4) Sense Indicator. (5) Tuning Condenser. 
(6) Additional Block Condenser. (7) “‘ Sense—D.F.”’ Switch. (8) H.F. 
Amplifying Valves. (9) Rectifier. (10) Note Magnifying Valves. (11) 
Note Magnifier Cut-out Switch. (12) Filament Rheostat. (13) Terminal 
Blocks. (14) Earthing Relay. (15) Calibrating Chokes. (Refer also 
Fig. 299 and Fig. 300.) 


= 


trated in Fig. 289. It has a wave length range of 450 to 1,200 


metres when used with not more than 40 feet of cable between ~ 


the frames and the receiver, or, if it is not required to receive 
below 600 metres, the cable can be extended safely to 60 feet. 
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The receiving instrument as shown consists of five units, 
each of which is contained in a copper screened compartment 
of the case, and there is also a separate phasing unit. These 
are indicated by the dotted lines in the circuit of Fig. 299, 
where it will be seen that the centre space on the sloping deck 
is not used in this particular mode]. The circuit of the receiver 
in a simplified form is practically the same as that of Fig. 132 
except that the mid-point of the field coils is joined to earth 
through a static leak (page 359) and a separate open aerial 
is used for sense determination. 

Radiogoniometer. The radiogoniometer shown in the 
general view of Fig. 298 is fitted with a Sperry Gyro-Compass 
repeater which controls a moving scale on the radiogoniometer, 
enabling true bearings to be read directly from the D.F. There 
are two pointers, 180° apart, for taking bearings, one of which 
is marked ‘“‘ True Bearing’’ and works in conjunction with 
the moving scale, and the other pointer indicates ‘‘ Relative 
Bearings’ on the normal fixed scale. A-third pointer, at 
right angles to the other two, is used for Sense determination 
(page 145). 

The standard form of radiogoniometer without Gyro-Compass 
control is shown in Fig. 300, the construction being very much 
the same as that of Fig. 270, but the dimensions are consider- 
ably less. The clearance between the inside of the cylindrical 
field coil former and the search coil winding is about ;; inch, 
and the search coil winding is in two halves fixed at an angle 
of about 45° relative to one another to reduce coupling error 
(page 153). The search coil spindle is insulated in the middle 
and the two ends carry slip rings for the connections to the 
winding. 

Transformer and Condenser Unit.. This unit contains 
the variable tuning condenser, in parallel with which is a 
small block condenser with a switch. The shielded trans- 
former is of the pattern shown in Fig. 147 and the tertiary 
winding is taken out to two terminals marked D.F.1 and 
D.F.2, the lead to D.F.1 containing the ‘* Sense—D.F.”’ 
switch which makes the open aerial connection for obtaining 
a heart-shaped diagram. 

Amplifier. The amplifier comprises five high-frequency 
resistance-transformer coupled stages, with an optimum 
wave length of 1,000 metres, a rectifying valve and two stages 
of note magnification, the second of which can be cut out if 
not required. The last three valves are mounted on shock 
absorbers to reduce the interference due to vibration and 
noise. 
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Earthing Relay. The four leads from the frames to 
the field coils and also the telephone terminals are earthed 
by this relay when the set is out of action. The relay is put 
into circuit by means of the change-over switch from the 
ordinary ship’s receiver to the D.F. and_only operates and 
removes the earth connections when the “ Send-Receive ” 
switch is in the ‘‘ Receive’ position, so that the D.F. is thus 


Fig. 300.—Radiogoniometer. (See Fig. 298.) 


protected when traffic is being passed on the transmitting 
aerial. An additional contact allows of an economy resistance 
being inserted in series with the winding of the relay as soon 
as it operates. This permits of a comparatively large instan- 
taneous current being used to ensure that the relay will not 
fail, but the “‘ holding-on ’’ current is only a fraction of the 
initial value and economises battery power during long periods 
of working. 

Calibrating Chokes... There are chokes with tappings fitted 
across each frame. Calibration is normally carried out with 
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the fore and aft choke, but provision is made for altering the | 


thwartship choke should the range of the former not be enough. 

Phasing Unit. With small B-T frames, the ship’s trans- 
mitting aerial is used for sense determination and this is 
coupled to the frame circuit in the receiver, via the tertiary 
winding of the shielded transformer. The open aerial circuit 
consists only of a variable phasing resistance of 16,000 Ohms 
total value and a coupling coil with a safety gap. The 
secondary of the coupling transformer is connected to the 
D.F.1 and D.F.z2 terminals as shown in the circuit. 7 

The phasing unit is protected by a special safety switch which 
prevents any possibility of damage to the D.F. apparatus due 
to transmission on the main aerial, and this switch should be 
placed as near as possible to the point where the main aerial 
enters the cabin and well away from the nearest point of the 
D.F. instrument. In one position, the switch connects the 
ship’s aerial to the phasing unit, disconnects it from the 
transmitter, connects the D.F. earthing relay control to the 


‘‘ Send-Receive ’’ switch and breaks the power transformer — 


circuit so that transmission is impossible. In the other 
position, normal transmission conditions are restored and safety 
devices put into action to prevent damage to the low tension 
parts of the transmitting apparatus in case of a flash over 
on the switch. ae 

In installing, care must be taken that the phasing unit has 
no inductive effect upon the D.F. instrument and also that the 
connecting leads do not in any way affect the bearings or the 
quality of the minimum on figure eight. When joining up 
the phasing unit and safety switch, it is advisable to obtain, 
first of all, a good bearing of a station on figure eight and then 
to check the bearing as each wire is fitted so as to ensure that 
no detrimental effect results. Both minima should be observed 
as a check on vertical. 

When the phasing unit has been connected up, it may be 
tested by first disconnecting the frames from the D.F. and 
listening to signals on the open aerial alone. It should be 
possible to reduce these signals to complete zero by rotating 
the coupling coil of the phasing unit. On joining up the frames 
again and varying the amount of phasing resistance in circuit, 
a heart-shaped diagram can be obtained on the test station, 
and the pointer of the radiogoniometer is set so that the 
minimum of the heart points towards the correct bearing. 
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Before any final adjustment is attempted it is essential 
that the rigging of the aerial be completed and large loops 
stayed out to the exact positions which they will occupy when 
the vessel is at sea. The ship’s rigging should also be complete 
and any stays which have been slacked off in port should be 
replaced. In some cases it will not be found possible to attain 
these conditions until the working of cargo has been finished 
—at any rate for the day—and it is therefore advisable to 
complete the D.F. installation as long as possible before the 
- ship sails, in order that Sundays, holidays, meal hours and 
other periods when cargo is not being worked, may be utilised 
for this most important part of the work. If everything goes 
smoothly, the whole operation may not take more than an 
hour or two, but unforeseen difficulties frequently arise and 
it is worse than useless to allow the ship to start on what 
may possibly be a six months’ voyage with unsatisfactory 
gear. 

Insulation. In order to check the insulation resistance 
of the cables and frames, disconnect both ends of each cable 
at the D.F. receiver and connect a pair of telephones and a 
dry cellin series between each of the cables in turn and “‘ earth.” 
On first making the connection there should be a click in the 
telephones caused by the charging current flowing into the 
-leading-in conductors and the aerial, butif the circuit be broken 
and re-made a number of times in succession, the subsequent 
clicks should be very weak or inaudible. Equally strong clicks 
each time the circuit is made indicate poor insulation. 

Radiogoniometer. Make a preliminary test of the radio- 
goniometer in the way described for the tuned aerial circuit on 
page 308, testing first one aerial alone and then the other to 
ensure that with the D.F. on figure eight reception, the two 
minima of the fore and aft aerial are exactly at 0° and 180° 
and those of the thwartship aerial at 90° and 270°. For the 
purpose of these tests, a wave meter may be buzzed under the 
aerials or actual signals may be used if available. 

Aerial Connections. Next make a rough examination of the 
bearings of a few known stations, or of the wave meter trans- 
mitter. Ifthe latter be used care must be taken that the coil of 
the instrument is always in a vertical plane and pointing towards 
the centre of the aerial system, otherwise the bearings may 
be distorted owing to the directive properties of the wave meter 
coil. A wave meter must never be used in this manner for actual 


367 


WIRELESS DIRECTION FINDING 


calibration. As a test of whether the bearings are roughly 
correct, suppose the distant station has a true bearing of I20°, 
then, if the observed bearing be anywhere between I10° and 
140° the connections of the loops are probably correct, but 
at least three quadrants should be tried in this manner. 
Finally, if the wave meter be moved round the aerials and the 
bearing, as indicated by the search coil, follows in the correct 
direction, it may be taken conclusively that the aerial connec- 
tions are correct. When, on the other hand, the bearings are 
totally incorrect with or without rotation in the reverse manner 
on the radiogoniometer scale when the wave meter is moved 
round the aerials, there is probably a cross connection some- 
where in the lead-in, the tests and remedies for which are 
mentioned on pages 155 and 400. 

Symmetry. The test for symmetry of the aerial system 
has been described on page 359. Under the best conditions, 
with medium strength signals at the 45° positions, there should 
be zero at the 90° positions ; but so long as there are four fairly 
well pronounced patches of sound when the search coil is 
rotated it may be assumed that the D.F. is in good working 
order. When the ship is under cranes it is usually only just 
possible to detect the four minima, every movement of the 
cranes making a change in the distribution of the signals — 
round the scale. Four clean zeros’can only be expected at 
sea. If loud buzzer signals are heard when the pointer is in a 
go° position it is almost certain that one loop is defective 
either from failure of insulation, or continuity or due to capacity 
coupling to earth. 

Mutual Inductance. The test for mutual inductance 
between loops has been described on page 309 in connection 
with the tuned aerial system, together with the way in which 
it may be used with an aperiodic aerial installation. Such a 
sensitive test as this will not usually be required in a ship, 
and the fact that the loops are well away from the receiver 
makes it possiblé to use a simpler method. Connect a buzzer 
and cell across the mid-point and one field coil terminal and 
adjust the search coil to be in the position of minimum coupling 
with this field coil. With maximum amplification, there 
should then be no telephone signal. This test is rather liable 
to be affected by pick-up on the loops and the wiring of the 
receiver and amplifier but will indicate coupling between the 
aerial circuits if present to any appreciable extent. 
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Quadrantal Error. The electro-magnetic field in and 
around a steel ship is too complicated for complete analysis but, 
for all practical purposes, it is safe to picture the field which 
links with the D.F. loops as being made up, firstly, of the 
main wave and secondly of a complex field due to currents 
with varying phase relations which have been induced in all 

FORWARD 


? 


BOW 
ACTUAL DIRECTION— ) te 


APPARENT DIRECTION | 
OF STATION 


PORT ___ STARBOARD 


QUARTER 
Si SF 


ASTERN 


Fig. 301.—Distortion of Apparent Bearings towards Fore and Aft 
Line of Ship. 


the metal parts of the ship. This will include the hull, funnels, 
rigging, ventilators, main aerial, rails, tanks and many other 
objects all of which are re-radiating to a greater or lesser extent. 

If equal sized B-T loops be rigged, one of them being in 
the fore and aft line, it will always be found that the bearings 
by D.F. tend to crowd towards the plane of the fore and aft 
aerial as in Fig. 301. Thus a station, the actual bearing of 
which is 45° would read, say, 30° and similarly a station at 
135° would read 150°. If, under these conditions, a series of 
bearings be taken and the errors be plotted against actual 
directions, a sine curve will result, which is negative on the 
starboard bow ; that is, from 0° to go°, and changes sign in 
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each succeeding quadrant as in Fig. 302. These quadrantal 
errors are due to the fact that the re-radiation mentioned 
above is much stronger in the fore and aft direction than 
thwartships, due to shape and size of the hull of the ship, so 
that the apparent receiving power of the fore and aft aerial 
is increased while the other is not appreciably affected. (See 
section on Quadrantal Error on page 329.) i 

An interesting paper on the deviations in bearings which 
occur when direction finding in steel ships, together with a 
laboratory method of examining them, has been given by C. Te 
Horton (260) and a mathematical analysis of the problem 
by R. Mesny (167) may be consulted if further details are 
required. — 
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Fig. 302.—Quadrantal Error of Uncalibrated Ship D,F. 


Reduction’ of Quadrantal Error. To make equal the 
resultant reception on both aerials, it is necessary to reduce 
the area of the fore and aft aerial, or to put choke coils in 
series or parallel with this loop. When the amount of reduc- 
tion in area is estimated during the construction of the aerials 
this reduction may be carried too far and the fact is at once 
made known when a check bearing is taken, say on the star- 
board bow, as the error is found to be #ositive instead of 
negative as is the case when the fore and aft aerial is too large. 

Series and Parallel Connection of Calibrating Chokes. 
When the area of the loop has been reduced until the maximum 
error is only a few degrees, and still negative in the first quad- 
rant, the fore and aft loopcan be re-made to the new dimensions 
and final calibration carried out by means of chokes. In 
large loops it is usual to insert series chokes in either end of 
the loop and, in this case, care must be taken, when making 
adjustments, that the same amount of choke is inserted at 
each end. If it is required to provide for a large swing of the 
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bearing, by means of a choke, it is better to use a parallel one 
on the fore and aft loop as the series ‘chokes, if large enough 
to give the swing in the bearing, may have the effect of making ~ 
the minima indefinite. With ratio transformers, it is also 
usual to fit a parallel choke as in Fig. 294, and this also applies 
to the small fixed frame. 

Variable Quadrantal Error. Instances are not un- 
common, in which the quadrantal error in a ship has changed 
several degrees due to a change in draught. This is a matter 
which must be checked for each individual ship installation © 
and, if the effect is found to exist, re-calibration will be neces- 
sary when the ship makes a voyage light loaded. The calibra- 
tion has also been known to be affected when the cargo has 
consisted chiefly of metal. 

Special Radiogoniometer for Correcting Quadrantal 
Error. An ingenious method of maintaining the correct 
calibration of a B-T ship installation, and at the same time 
‘using loops of equal area and electrical constants, is by the 
use of a form of double radiogoniometer somewhat similar 
to that used for multiway working (Fig. 150). In this case, 
however, the instrument, whilst having two search coils, 
connected in series, has only a fore and aft field coil 
coupled to one search coil, and only a thwartship field coil on 
the other. 

Calibration for the elimination of quadrantal error is effected 
by reducing the number of turns on the search coil of the fore 
and aft radiogoniometer. 

This instrument is described by C. E. Horton (260) 
who mentions the following additional special features in 
connection with it. Equal aerials can be used; the dampings 
of the aerial circuits are equa!, allowing damped waves to be 
received without risk of indefinite minima; the use of tuned 
loops is simplified, since the tunings and resistances of the loops 
are identical; and lastly, the correction for quadrantal 
error is true for all wave lengths for both tuned and aperiodic 
loops. 

Test Bearings on Transmitting Stations. In choosing 
stations, on which to take bearings for calibration, it must 
be remembered that stations dead ahead, astern or abeam, are 
practically useless as, provided any asymmetry has been 
eliminated, bearings in these directions will almost invariably 
be correct. Transmitting stations on the bow or quarter are 
required and two or three stations will be quite enough pro- 
vided that the errors appear consistent. If the errors on the 
bow are not of the same dimensions as those on the quarter, 
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it probably means that the quadrantal error is being masked 
by some local error such, for instance, as might be caused by 
stray capacity effects between one of the aerial limbs and 
‘earths 

In most cases, if the symmetry test has given good zeros 
at the go° positions, final calibration can be carried out on a 
single well chosen station. 

When the ship is lying in dock, her position, and the posi- 
tions of various available transmitting stations can be located 
on a gnomonic chart, and the true bearings of the latter 
measured off with a protractor. It is, of course, also necessary 
to know the direction of the ship’s head and methods of finding 
this in various circumstances are described in Chapter 14, 
pages 432 to 437. | 

Calibration when Ship is at Anchor or Moored. In 
cases where the ship lies near large cranes, alongside ware- 
houses or within a few hundred yards of large gantries, errors 
other than those introduced by the hull of the ship are to be 
expected and in these circumstances, satisfactory calibration 
will be impossible. It will frequently be found that the reduc- 
tion of the fore and aft aerial does not give the desired calibra- 
tion, owing to the ship being surrounded by cranes and sheds 
and, on occasion, the bearing of a transmitting station is found 
to vary with the movement of a travelling crane near the 
ship. In such cases it is usual to trim the fore and aft aerial 
until the remaining error is about 3° and to postpone the 
calibration until the ship moves away from the place and is 
either anchored or under way on a steady course. 

When the ship is at anchor, the D.F. readings of the trans- 
mitting stations are tabulated against the corrected compass 
readings, and the true bearings of the transmitting stations 
according to the D.F. are found by the following rule : 


True Bearing ( pyr Corrected (If result 
of- Station ==.4 A eae Compass } —360° greater than 
by D.F. | 8: Reading. 360°) 

Observations may be tabulated thus : 

| DF Corrected True Bearing True Bearing 

| Station. Ranitiae Compass of Station of Station Error. 
| eee 9 Reading. Yah. from Chart. 

preety fk 

| GNF 275° 336° 251° 2493° + 14° 


(Where 275° + 336° — 360° = 251°.) 
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Ship Under Way. A similar procedure is necessary when 
the ship is under way, but the problem is complicated by the 
fact that the ship is moving, so that the position has to be 
plotted out on the chart for each reading and the bearing of 
the distant station measured off. The true bearing of the 
_ship’s head in these circumstances will always be taken from 
the compass, after applying the corrections for variation and 
deviation. 

In carrying out calibration after a ship has sailed, care 
must be taken not to interfere with the ship’s wireless service, ° 
and in any case it is unlikely that any extensive help will be 
obtained from the bridge until after the pilot has left, unless 
circumstances are very favourable. It should be remembered 
that calibration is practically impossible when the ship is 
under way, unless she is on a set course and this is rarely the 
case until some considerable time after she has sailed. Even 
then, if the ship yaws at all or swings off her course, as she 
usually does, calibration becomes a laborious, intricate and 
temper-testing operation. 

Special Transmitters for Calibration. It has been 
mentioned that the calibration of a shore station is sometimes 
effected by taking simultaneous optical and wireless bearings 
on a mobile transmitting station within a few wave lengths 
of the D.F. station. Conversely, when a considerable number 
of ships are being fitted with D.F. installations and cali- 
brated at the same port, it may sometimes be worth while 
to have a special low power transmitter on shore in an 
exposed position. ; 

To gain the best results the ship should either be at anchor 
or moving very slowly, and in any case she should be in such 
a position that the transmitting station is on the bow or 
quarter. If time permits of the ship being swung—which is 
extremely unlikely—an excellent calibration may be made. 
This procedure is always carried out during the magnetic 
compass trials but the wireless compass is not as arule similarly 
favoured. | 

Some of the advantages of the special calibrating station 
are lost if the ship be in a position from which the 
station is not visible, as the accuracy of the work depends 
largely on the fact that optical bearings can be taken by 
means of a bearing plate or azimuth mirror, at the same 
instant as the D.F. bearing, and thus the compass error is 
eliminated. 

Records. When the calibration is complete, note should 
be taken of the size of the two loops and a dimensioned sketch 
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made so that in case of accident, a new aerial can be rigged 
with the minimum of delay and without the necessity for re- 
calibration. 


TAKING BEARINGS 


On the receipt of instructions to take bearings on one or 
more stations, the telegraphist acknowledges the order and 
takes steps to get into communication with the stations ; 
unless they already happen to be engaged on traffic, making 
it unnecessary to ask for a special transmission. If bearings 
are asked for on a station which has a “‘ bad bearing ”’ sector 
in the direction of the estimated position of the ship, this fact 
should be brought to the notice of the navigating officer 
(see page 219). As soon as the required station is heard, a 
stand-by signal, say two strokes on the gong, is sent to the 
bridge as a warning to hold the ship as steady on her course 
as possible and to be ready to note the compass reading on 
receipt of further gong signals. The gong switch and tele- 
phone to the bridge can be seen in Fig. 292. | | 

In the case of a rotating frame installation on board ship 
it has been seen in Chapter 4 that the frame is sometimes 
located vertically over a magnetic compass and the two 
instruments are so combined that the D.F. pointer operates 
on the compass card, enabling true bearings to be obtained 
after the application of the compass correction. The ideal 
combination, as already stated, is doubtless that in which 
the scale of the direction finder is controlled by a gyro-compass, 
or failing that, in which a repeater dial is fitted alongside the 
D.F. 

A True Bearing Indicator may be used in conjunction with 
the gyro-compass repeater, this consisting of a link motion 
which allows the handle of a radiogoniometer to be coupled 
to a rotating projector which throws a beam of light on the 
card of the repeater dial, corresponding to the position of the 
pointer of the radiogoniometer. It must be remembered, 
however, that the repeater is not infallible and an opportunity 
should be taken to check the wireless office repeater against 
the one on the bridge in order to ascertain whether the instru- 
ment itself is working properly and also whether the correction 
for ‘‘ Steaming Error,”’ if any,-is all in order. . 

To return to the gong signal method, the actual taking of 
the bearings does not differ from the method already described 
for the shore D.F. (page 310) but the practical difficulties are 
greater, especially in bad weather. When the ship is yawing, 
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it becomes difficult to get consistent swing bearings and 
practice is necessary, and also experience of the behaviour 
of the ship in various types of seas, before bearings can be 
obtained with assurance. On no account should an attempt 
be made to read the bearing by keeping the pointer at the 
exact minimum. In the B-T system, the method is slower 
and less accurate than the use of swing readings. 

As a reading is taken on the D.F. a signal, say, one stroke, 
is sent on the gong and the telegraphist and the person on the 
steering-compass both log their readings and the time. As 
long as the station continues to transmit, further bearings are 
taken, gong signals being sent each time until about five have 
been obtained. If the bearings are taken at very short 
intervals there is no necessity to log the time of each, but 
successive readings should be numbered I, 2, 3, etc., by both 
telegraphist and helmsman. 

When special forms are supplied for logging the bearings 
space may also be left for the latitude and longitude of the 
station to be filled in by the telegraphist. There is an advan- 
tage in doing this in that sometimes there are two wireless 
stations near the same port, or the name of the wireless station 
may be different from that of the port it serves, or, on the other 
hand, the station may take the name of the port, and yet be 
situated some miles away. In any of these cases, confusion 
might arise. The telegraphist has full information on all 
these matters and may often be in a better position to 
know the details of the station on which bearings are being 
taken. 

Sometimes it may happen that when one bearing has been 
taken on station A, this station stops transmitting and station 
B is heard. In such a case it is advisable to take bearings of 
B and to return to A later when he is heard again. So long 
as the gong signal is sent for each reading, and the successive 
readings are numbered and also timed where possible, there 
is no chance of confusion when the log sheets are handed 
in to the bridge. An effort should be made on the part of the 
wireless staff and navigating officers of the ship to arrange 
a routine in connection with the D.F. work, when all possible 
sources of confusion can be given special attention and the 
whole operation brought to a state of efficiency. 

Any bearing which seemed a doubtful one should be marked 
to this effect so that if it differs widely from the remaining 
ones on that station it may be neglected, rather than averaging 
it in with the others. 

As soon as the workis completed, a finishing signal, say three 
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strokes on the gong, should be sent to the bridge and the log 
sheets filled in and sent up. 

Finally it should be borne in mind that in many ships the 
D.F. has come to be looked upon as an important instrument 
of navigation so that the Master must be informed of any 
occasion when there is cause to doubt the accuracy of the 
D.F. gear. 
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CHAPTE R12 
THE AIRCRAFT D.F. INSTALLATION 


The Problem of Aircraft Navigation. It is fairly true 
to say that all the problems of the ship D.F. installation are 
repeated in an exaggerated form when an attempt is made to 
navigate an aeroplane by means of a D.F. fitted in the machine, 
and additional difficulties are also encountered which are 
taxing to the utmost the ingenuity of those engaged in this 
application of direction finding. 

/ Amongst the factors which militate against accurate working 
4 may be mentioned the cramped space in which the wireless 
' apparatus has to be operated, the prevailing noise, the 

difficulty of keeping the machine steady on its course during 
the taking of a bearing and also the technical problem of 
arriving at and maintaining a correct calibration of the set. 
In addition to these points, the great speed at which aeroplanes 
travel, as compared with a ship, complicates the navigation 
of the machine by cross bearings, as the distance covered 
between successive bearings may be a matter of miles. Solu- 
tions of the problems have been sought in a variety of directions 
with the result that at the present time several systems of 
direction finding are in use in aircraft, each system possessing 
disadvantages which make it difficult to suppose that finality 
has been reached. 

~The technical difficulties will become apparent on consider- 
ing-an attempt to use a simple rotating frame as an aeroplane 
D.F., the interior of the fuselage of an aeroplane being probably 
one of the last places in which a small rotating frame could be 
expected to record accurate bearings of distant stations. The 
proximity of the engines and tanks introduces screening and, 
in addition to this, the whole machine is a network of wire 
stavs, struts, controls and electrical wiring, including the 
ignition system of the engines. It is usual to bond as many as 
possible of these wires to an ‘‘ earth” trunk which is connected 
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to the engines and tanks. This is done to prevent sparking 
during wireless transmission but it not only produces a large 
number of closed metallic loops in various planes but also 
gives the aeroplane the characteristic of the hull of a ship 
and produces definite quadrantal errors of the same nature, 
having their minimum values fore and aft and thwartships. 

With the earlier forms of aeroplane, which were constructed 
chiefly of wood and fabric, the fuselage coil gave good results, 
but with the present tendency towards all-metal construction, 
the small fuselage coil becomes so screened and is working in 
such a complex electro-magnetic field as to be almost useless 
for accurate work. 

Magneto Noise. Unless special precautions are taken, the 
electrical interference from the engine ignition system will 
produce a noise in the telephones which completely obscures 
the loudest signals. To each spark plug there is attached 
a considerable length of high tension cable which, with the 
spark gap and magneto, forms a low power transmitting 
installation which radiates highly damped short waves. That 
this radiation from the engine ignition is a real trouble may be 
gauged from the fact that bearings have been taken by a ship 
D.F. of an aeroplane a mile distant and which was not fitted 
with a transmitter, the radiation from the ignition wiring 
being enough to give audible signals. It is not unusual to 
have as many as two dozen sparking plugs on a large twin 
engine machine and the problem resolves itself into eliminating 
the jamming from twenty-four plain aerials all sparking in 
close proximity to the receiving aerial. 

Means have been found for reducing this interference to an 
almost negligible amount, but a certain proportion is usually 
present in the case of frame aerial reception and it is clearly 
desirable to have a receiving system capable of giving the 
loudest possible signals from the beacon stations, so that 
local interference will have less effect. 

Engine Noise. In addition to the electrical noise, there is 
also the engine exhaust to be considered and the usual way 
to combat this is to have the telephone receivers sewn into the 
flying helmet. By taking the trouble to have the pockets 
containing the ear pieces fixed at exactly the correct place 
and by keeping the telephones pressed tightly to the ears, the 
bulk of the engine noise can be avoided. “a 
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THE WING COIL SYSTEM. 


An early departure from the use of small fuselage coils was 
to have the aerial loop fixed relatively to the framework of the 
machine, which is itself swung 
for the purpose of taking a 
bearing. In this case, the 
aerial is secured to the wings 
as shown in Fig. 303, and an 
area of 100 or 150 square feet 
may be obtained without 
difficulty. The name “wing Fig. 303.—The Wing Coil D.F. 
coil’’ is given to such a con- 
struction as distinct from a “ fuselage coil’? which is rotat- 
able and mounted in the interior of the machine 

A D.F. system of this type is best adapted for flying towards 
an objective where a wireless transmitter is working. The 
method of navigating is illustrated in Fig. 304. When flying 

directly towards 
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—_— ceived, since the 
wing coil is at right 
angles to the direc- 
tion of propagation 
of the waves. The fact that signals are heard at any time 
indicates that the machine is not heading towards the station, 
and on taking successive swing bearings to the port and 
starboard, and matching the strengths of signals, the mid- 
point can be estimated and the course re-set. 

Drift. When a strong cross wind is blowing, the use of the 
D.F. alone as a means of 
flying to an objective 
transmitting station has 
certain limitations. In 
Fig. 305, the aeroplane 
is taken as having an air 
speed of 100 miles per 
hour, and there is a cross 
wind of 20 miles per hour. 
In such a case, the re- 
sultant speed of the 
machine will be a com- Fig. 305.—Drift of Aeroplane due to 
bination of the velocity Rin don tie Beant, 
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Fig. 304.—Swing Bearings when using the 
Wing Coil System. 


ACTUAL COURSE TAKEN 


WIRELESS DIRECTION FINDING 


of the wind and the relative air speed of the machine, as re- 
presented by the vector OC. The important point to notice 
is that the machine does not now head in the direction of the 
actual course followed. 

In these circumstances, the use of a D.F. results as shown 
in Fig. 306. At (a) the aeroplane is taking the correct course 
for flying direct to the objective, namely, heading slightly into 
the wind. If, now, the machine be headed, by D.F., straight 
for the transmitter as at (b), then the wind will cause a drift 
to some position (c), when the course will again have to be 
altered to bring the machine ‘“‘head on.’’ This process 
continues until, depending on the wind velocity and the dura- 
tion of the flight, the machine may actually approach the 
objective eventually flying up wind as at (g). 

The fact that the ground may be obscured by darkness or 

fog makes it impor-_ 
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viated from its course 
to a dangerous ex- 
tent 

Point of Reference. Owing to the speed at which an 
aeroplane travels, it is necessary to take bearings fairly fre- 
quently and with the wing coil system this involves turning 
the machine alternately to port and starboard and matching 
signal strengths. A difficulty which immediately crops up is 
the lack of a point of reference when swinging the machine. - 
Suppose an aeroplane to be flying towards: a transmitting 
station, the ground being obscured, and that it is required to 
check whether the objective is dead ahead. The machine is 
swung, say 25°, to port and signals are heard in the wing 
coil; it is then turned to starboard and an equal strength of 
signal obtained but note that unlike any ship or shore D.F. 
there is no pointer or scale or point of reference of any kind 
associated with the D.F. apparatus which will help the pilot 
to set the course midway between the two directions of equal 
signal strength. 

Magnetic Compass. The usual “ fixed” reference is the 
card of the magnetic compass which will remain approximately 
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Fig. 306.—Effect of Drift when Flying Head- 
On to Transmitting Station Beacon. 


NAVIGATING BY THE WING COIL D.F. 


still and will indicate the swing of the machine when the 
bearings are taken. The presence of drift can at once be de- 
tected if the magnetic compass course be noted, corresponding 
to each head-on course as found by D.F. The magnetic com- 
pass course should remain constant and any tendency towards 
a gradual alteration would indicate a drift, as shown in Fig. 
306, and the machine would be flown several points off the 
“head-on ”’ course, as at (a). 

Navigating by Wing Coil. When using the wing coil 
system for navigation, it is impracticable to do anything more 
than fly towards a transmitting station. If we consider firstly 
the conditions under which a machine uses the system for 
“homing ’”’ in this way, it will be seen that the system is 
unsuited for anything more elaborate and that any question 


WIND 


Fig. 307.—Example of Course taken by Aeroplane Navigating by Wing Coil. 


of obtaining a fix on a number of transmitters is ruled out for 
a variety of reasons. 

In Fig. 307, an aeroplane at A starts out to fly to the beacon 
at O, the compass bearing of O being 45° East of North and the 
wind North-East. After flying for some time, swings are made 
‘and it is found that the compass bearing of Ois now 42°, and 
the course is changed to allow for drift. At C further swings 
indicate that the machine is flying too far north and the 
remaining points D, E and F are further positions where 
check bearings are taken. This process of swinging the 
machine off its course and endeavouring to get compass 
bearings accurately must be performed every few minutes, 
and the inconvenience, loss of time and, in some cases, the 

~ danger of swinging machines rapidly in this way, makes the 
system tedious to use even in this simplest application. 
Clearly, in order to get a fix on two transmitting stations, 
the aeroplane must be turned completely off its course and the 
compass readings noted simultaneously with the equi-signal 
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swings for each station. The time- which elapses between 
getting satisfactory bearings on the two stations may be 
several minutes, during which time, with a fast machine and a 
strong wind, several miles have been covered, and the fix 
cannot be plotted with any accuracy. 


THE ROBINSON SYSTEM 


It was in an attempt to avoid turning the machine off its 
course every time a bearing was taken, and at the same time 
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Fig. 308.—Experimental Robinson D.F. Mounted in Fuselage of 
Handley-Page Aeroplane. 


to ensure ample signal strength, even in the neighbourhood of 
the minimum, that the above system was devised, the principle 
of its action having already been described on page 79. Fig. 
308 shows a pancake coil type of Robinson D.F. fitted in an 
early Handley-Page machine, from which the fabric has been 
removed. ‘This system was in use for aircraft by the Royal 
Air Force for some time, but with the advent of the all-metal] 


machine it became increasingly difficult either to get a reliable 


calibration or to receive signals, and rotating frames have 
fallen into disuse to a large extent. 
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The Robinson D.F. Adapted to the Wing Coil System. 
Owing to the impossibility of providing space for fuselage 
coils of the required size in the average aeroplane, and also for 
the reasons mentioned above, the Robinson system was later 
adapted to wing coil working as shown in Fig. 309, which 
illustrates a method of rigging the two aerials. The main coil 
is attached to the wing struts and wings and rigged fore and 
aft. In some cases the coil is split into two halves, one being 
on each side of the machine and the two halves connected 
in parallel. The auxiliary coil may be either the full length 
of the span between the outer struts of each wing, or a separate 
coil may be mounted on each 
’ wing as in the case of the 
main coil, 


AU ATELATY COILS 


R.A.F. ‘‘ HOMING ”’ 
SYSTEM 


In the original Robinson 
system 1t will be remembered Fig. 309.—Robinson D.F. Adapted 
that the signal is received by to Wing Coil System. 

the smaller or “ main’’ coil . 

at maximum strength and in the larger or “‘auxiliary’”’ coil at 
minimum strength, and the auxiliary coil is switched in series 
with the main coil, alternatively in one direction and the 
other, so that the figure eight minimum is superimposed on 
top of the almost steady signal from the main coil and the 
direction found by getting the auxiliary coil exactly in its 
minimum position. The possibility of a 90° ambiguity was 
avoided by observing the positions of the two minima ob- | 
tained by putting the reversing switch first in one position 
and then the other (Fig. 81). 

In the later modification of the Robinson system by the 
Royal Air Force, the switching from one connection of the 
coils to the other is performed automatically and, at the same 
time, all possibility of the 90° degree ambiguity is eliminated. 
Instead of two switch positions, there are now three, and the 
circuit connections are as shown in Fig. 310, together with the 
resultant polar diagrams. 

The switch is in the form of a radial commutator, on the 
dial of which there are three sectors as shown in Fig. 311, which 
correspond with the three types of coil connection, and which 
are coloured White, Red and Green. Consider, firstly, the 
circuit when the switch is on the Red sector. Here the wing 
coil and the fore and aft coil are connected in series as shown, 
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and the resultant diagram takes the form shown in Fig, 310 
(a), namely that of a wing coil which has been swung a small 
amount over to port. If, therefore, the aeroplane be flying 
directly towards a beacon transmitter, the strength of signal 
received with this connection will be proportional to O R, 


Fig. 310 (a). 


AUXILIARY 
MAIN <— 
AMPLIFIER 
(a) 
AUXILIARY 
DIRECTION 
MAIN ~<— OF INCOMING 
SIGNAL 
e 
(b) 
AUXILIARY 
MAIN COIL [7 \__- 
reales: 


BALANCING—|—+ 
INDUCTANCE! ;7~ 


(Cc) 
Fig. 310.—R.A.F. Modification of Robinson System. 


With the switch in the Green sector, the auxiliary coil is 
reversed and the resultant diagram becomes that of F im 
310 (6), which is seen to be equivalent to swinging the machine 
over to starboard. ‘The reception from a station ahead is now 
proportional to O G, and by switching from one connection 
to the other these can be matched. 

To ensure that it is the signals proportional to O R and O G 
which have been matched, and not those proportional to O R’ 
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and O G’, which would give a 90° error, the third sector of the 
switch connects only the wing coil in circuit, together with a 
balancing inductance replacing the fore and aft coil. In this 
case, the polar diagram is as in Fig. 310 (c) and clearly there 
should be no received signal. If a strong signal be received, 
then the machine has the transmitting station on the beam and 
not ahead. 

In practice, the switch:or commutator, is driven at a speed 
of roughly one revolution per second by means of an air screw, 
though the speed can be varied to suit the circumstances. The 
pilot thus hears in his telephones two signals of equal strength 
with a silent period between them corresponding to the wing 
coil reception. When the signals are very strong, the rotary 
switch can be stopped on the White sector and the actual 
homing done on the wing coil alone. 

This system has proved a 
valuable modification of the A— 
original Robinson rotating 
coils, and is so simple in 
operation that it can be 
used by a pilot provided 
that the beacon stations on 
which he is flying are easily 
picked up and are not 
jammed. 

In this application of the 
system, the® ratio- Of “area Fig. 311.—Rotary Commutator of 
turns of the auxiliary to R.A.F. “ Homing ’’ System. 
main coil is usually 6:1 
instead of 2:5: r asin the original rotating frames. 


ROTATING 
POINTER 


FIXED SCALE 
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THE BELLINI-TOSI SYSTEM IN AIRCRAFT - 


At the time when the urgent necessity for a practical air- 
craft D.F. system arose during the European War, the B-T 
system was still operating with tuned aerials which had to be 
maintained in accurate balance. Furthermore, no solution 
of the problem of magneto noise had been found, and asystem 
working on comparison of signal strengths on either side of a 
zero position was at a serious disadvantage under the prevailing 
conditions. With the advent of the aperiodic aerial and the 
elimination of magneto noise, the B-T system became at once 
adaptable to aircraft work and combines, in many respects, 
the advantages of the wing coil and the fuselage coil systems. 
Large aerials can be rigged, giving ample signal strength, and a 
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radiogoniometer of small dimensions fitted alongside the 
remainder of the wireless controls enables bearings to be taken 
of any transmitter within range, without deviating the machine 
from its course. 

B-T Aerial Loops. The difficulties met with in finding 
suitable positions for wing coils in an aeroplane are still more 
serious in the B-T system, where it is also necessary to rig a 
fore and aft loop having roughly the same area as the wing 
coil and which is not magnetically or electrostatically coupled 
to it. 

In designing the frame aerials for use in aircraft, it must 
be remembered that the methods of rigging are very different 
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Fig. 312.—Arrangement of B-T Loops in the Dornier-Wal All-Metal 
Seaplane ‘“‘ Ne Plus Ultra”’ (Electrician). 


from those in the case of ship or shore stations. Bare wire 
construction, with porcelain msulators or cleats, is replaced 
where possible by rubber-covered flexible wire, which is secured 
to the spars and fabric of the machine in a manner which 
will offer the least wind resistance. It is advisable to confer 
with the aeroplane designer in all matters concerning the 
adaptability of shore apparatus to aircraft uses. An aeroplane 
is built from first to last to be as light as possible, compatible 
with mechanical safety, and no apparatus or fittings which 
are unduly heavy or which may reduce the strength of any of 
the members of the structure, may be used. 

The rubber-covered flexible wire used for the wing coil is 
attached to the wings and struts by being covered with tape 
which is glued to the fabric and finally coated with the usual 
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‘““dope”’ varnish. Single turns are usual in the B-T system, 
but multi-turn coils are used sometimes in both the Wing Coil 
and B-T systems, and a number of wires are laid up, suitably 
spaced, in a specially constructed linen tape which is then glued 
and doped. If the D.F. is being installed at the factory, it 
is preferable to run the wing coils in the internal framing of 
the wings before the fabric is put on. 

When it is found impossible to rig a single fore and aft 
loop of adequate size, a double turn may be used and can be 
placed as illustrated in Fig. 309. This is sometimes an advan- 
tage in a single engine machine and enables the symmetry 
to be maintained in the B-T aerials more easily than with a 
single turn. : 

The all-metal machine, and particularly the monoplane, is 
the most perplexing problem of all, and the only thing which 
can be done is to rig 
temporary loops in posi- 
tions which seem to offer 
the greatest chance of suc- 
cess and to make ground 
tests. When the best ar- 
rangement has been found, 
the authorities must be 
consulted as to whether it 
is permissible and as to the Fig. 313.—Rejector Circuit for Elimina- 
means to be adopted for tion of Magneto Interference. 
securing the loops to the 
various parts of the structure. 

Fig. 312 shows the arrangement of the B-T loops in the 
Dornier Wal all-metal seaplane ‘‘ Ne Plus Ultra ’”’ which was 
flown from Spain to the Argentine in 1925. Owing to the 
engines being in the centre line, it was impossible to rig the 
fore and aft loop there, and a two turn loop was used, the 
turns being supported on special struts which kept the loops 
well away from the engines and metal work and at the same 
time retained the symmetry. The two turns were connected 
in series and had a total area turn product of 250 square feet. 
The same struts also supported part of the wing loop. 


OSCILLATORY CIRCUIT TUNED 
TO WAVELENGTH OF MAGNETO 
INTERFERENCE 


AERIAL COIL 


PRECAUTIONS AGAINST MAGNETO 
INTERFERENCE 
Magneto interference in aeroplanes is not peculiar to D.F. 


working, but owing to the use of the frame aerial and the in- 
creased amplification required, the elimination becomes more 
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difficult. As already mentioned, the interference is due to 
short waves radiated from the ignition system, and attempts 
were made to prevent these from affecting the receiver by 
placing rejector circuits in series with the leads to the amplifier, 
as shown in Fig. 313, and at the same time enclosing all the 
receiving apparatus in metal screens. This provided a partial 
solution, but the results were by no means perfect (150). 

The final solution was found to be the complete screening 
of the whole of the ignition system, including the magneto, the 
leads to the sparking plugs, the plugs themselves and the 
controls from the magneto to the cockpit. If the screening 
of the H.T. cables be stopped some inches from the plug, the 

“<< exposed length of lead is enough to cause 
serious interference. Fig. 314 shows a 
specially screened plug developed by the 
Marconi Company and the Robinhood En- 
gineering Works which has been used as a 
remedy for the trouble. 

The cylinder wall forms the return path 
from the plug to the engine casing, and the 
interference due to this varies considerably 
with the type of cylinder construction. 
Steel and iron cylinders offer the greatest 
impedance to the high frequency oscillatory 
currents and are the worst offenders; but 
} an improvement is effected by fitting a copper 
4 bonding strip between the body of the plug 
and the engine framing. Less trouble is 
noticed in the case of aluminium cylinders 
having a steel liner ; a copper water jacket 
also acts as an efficient low impedance path. 

High compression engines require a higher sparking poten- 
tial and produce greater interference, and a gradual increase in 
the noise has been noted from an engine as the cylinders and 
piston heads became carbonised, with corresponding increase 
in compression. 

In certain cases very little screening is required. Rotary 
engines have only very short lengths of ignition wiring which 
is kept close to the cylinder wall in every case, and the inter- 
ference from sucha system is not so troublesome as from a 
stationary engine, which frequently has duplicate ignition 
controlled from the cockpit with great lengths of wiring. 
Again, the metal cowling of the majority of stationary engines 
forms, itself, an efficient screen provided that it is made com- 
pletely to surround the engine. 
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Fig. 314.—Screened 
Sparking Plug. 


MAGNETO NOISE 


Wireless Telegraphy Generator. The high tension 
generator for the wireless transmitter is usually a totally 
enclosed machine, and the leads are metallic braided so that 
interference from this source need not be anticipated except 
owing to a fault. 

Temporary or Additional Screening Measures. When 
it is necessary to screen an ignition system which has not been 
designed with a view to the possible requirements of the wireless 
equipment, the best method is to enclose the wiring in copper 
gauze, put on in strips, the seams soldered in as many places 
as possible and well bonded to the earth trunk. If the ignition 
wiring be taken through metal tubes at any points, this will 
provide efficient screening, but the tubing must be bonded at 
each.end. Electric lighting.leads must be treated in the same 
way as ignition leads. 

An important factor throughout all aircraft work is that 
any devices which, in the opinion of pilots or inspectors, de- 
tract in any way from the safety of the machine or from the 
accessibility of any parts requiring examination, will not be 
tolerated, and co-operation with the proper authorities is very 
necessary when devising screening methods and installing the 
apparatus. 

Effects of Vibration. The constant vibration during 
flight and also the landing shocks have a destructive effect 
on all wireless apparatus and as much as possible of the equip- 
ment should be supported on shock absorbers. To prevent 
the internal connections of amplifiers and other instruments 
from coming adrift, the wires should always have pinched or 
screwed joints, in addition to being soldered. A loose connec- 
tion or a leose electrode in a valve will produce a noise in the 
telephones which may be as serious as, and may even be mis- 
taken for, magneto noise. 


TESTING AND CALIBRATION OF THE AIRCRAFT 
D.F 


In the case of fuselage coils or the B-T system, it is necessary 
to plot an error curve after the installation of the apparatus 
and to calibrate the set. A large number of bearings at different 
points on the D.F. scale can be got by swinging the machine 
through known angles, as measured by a sextant or on an 
aerodrome compass bed, and listening to signals from a single 
transmitting station. Calibration carried out on the ground in 
this way is usually sufficiently accurate. 
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It is generally found that the errors traceable to screening 
from the engines or tanks are not nearly so marked as the 
quadrantal errors, and in the case of fuselage coils it is usual to 
supply a calibration chart, from which a correction is obtained ~ 
for every bearing taken just in the same way that a deviation 
table is supplied with a magnetic compass. The calibration 
of the B-T installation by means of calibrating chokes is pre- 
cisely the same as in the cases already described on pages 
333 and 370. 

Advantage should be taken of air tests whenever these 
can be arranged, and even if the trailing aerial connection is 
controlled by an automatic switch, care must be taken that this 
aerial is always completely free during direction finding, or 
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Fig. 315.—Error Curve of D.F. in Seaplane ‘“‘Ne Plus Ultra.” 


vertical and other out-of-balance effects will be introduced. 
It is not sufficient to disconnect the aerial by means of a switch 
inside the machine ; the aerial must actually be let out ona 
lanyard so as to be well clear of the fairlead. If a circuit is 
being used which provides for sense determination, it is quite 
essential that test flights should be made. Unlike ‘the ship or 
shore station, there is no definite earth immediately below the 
aerial system when the machine 1s in the air, and the result of 
this may be that whilst a satisfactory heart-shaped diagram 
is obtained in the ground test, the reception may be totally 
altered when flying. 

Errors, indefinite minima and distorted polar diagrams of 
reception which are variable in character may be due to bad 
bonding in some parts of the machine, allowing some member 
in the framework of the machine to assume varying potentials 
and to re-radiate to the loops. It is practically impossible to 
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balance out quadrantal error in a B-T installation until this 
bonding has been done very thoroughly. 

A calibration curve is shown in Fig. 315 for the Dornier 
Wal seaplane mentioned on page 387. This curve was taken 
on the ground on 600 metre signals. It incidentally shows 
that if the pointer of the D.F. be moved 2 degrees, the base 
line of the error curve will be as shown by the dotted line and 
the maximum error reduced from 6° to 4°. For an all-metal 
machine this curve may be considered fairly satisfactory. 


DIRECTION FINDING IN THE AIR 


A factor which makes any form of wireless navigation 
difficult in the air, and particularly the wing coil system, is the 
amount of jamming which is experienced when an attempt is 
made to take bearings either on the 900 metre aircraft wave 
or on the 600 metre transmitting stations on the English and 

Continental air routes. This immensely reduces the scope 
of direction finding, and there is an urgent need for distinctive 
beacons which are free from jamming. The chief reason for 
the exceptionally bad jamming in aircraft D.F. work is owing 
to the great range demanded of the receiver. The air routes 
take the machines long distances from the shore transmitters 
and special beacon stations which are used for ship D.F., 
and on any but the shortest flights it is necessary to have a 
direction finder with a range of 250 to 300 miles. A second 
factor, which is quite as important as the question of jamming, 
is the need for a method of reading simultaneous D.F. and 
compass bearings. The gyro-compass controlled D.F. scale 
shown in Fig. 298, the True Bearing Indicator mentioned on 
page 374 and the combinations of magnetic or gyro-compass 
and D.F. referred to in Chapter 4, are examples of the way in 
which this difficulty has been tackled in the ship installation. 
During bad weather the yawing may amount to I0, I5 or 
even 20 degrees off the course, and unlike the case of the 
ship, the movement may be very rapid, making it practically 
impossible to get satisfactory true bearings. Some modern 
aeroplanes are fitted with gyro-rudders by means of which 
a steadier course can be kept, but a device reading true 
bearings direct would be a great help. 

D.F. Systems Compared. Any form of wing coil system 
has the advantages over the B-T system that the installation 
is cheaper, lighter and usually so simple that it may be pilot 
operated. The lightness and cheapness are largely due to the 
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fact that the loops are tuned and the signal strength is accord- 
ingly higher than in the normal aperiodic B-T circuit. Further- 
more, reaction can be used with wing coils whilst it is unsafe 
with the B-T system ‘page 151), and these factors tend to reduce 
the size of the amplifier and batteries. 

On the other hand, any Wing Coil system suffers from the 
insuperable disadvantage that the aeroplane must be swung 
off its course to take a bearing, except when homing, and that 
position finding by a fix on two or more stations is a far more 
troublesome operation than with the B-T system, in which 
bearings can be taken continuously of any stations which can 
be distinguished. 

It appears a possibility for the future that heavy freight- 
carrying aeroplanes which have a wireless operator and 
navigator will use the B-T system, whilst lighter machines 
where weight and personnel are reduced to a minimum will find 
a homing system quite adequate provided that beacons are 
available. 
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CHAPTER 13 
FAULT CLEARING AND MAINTENANCE 


In this Chapter will be found, roughly classified, some of the 
more common faults which may arise in D.F. reception, to- 
gether with the symptoms by which the probable cause of the 
failure may be recognised. In cases where the remedy is not 
obvious, suggestions are made as to the methods to be adopted 
to clear the fault, or cross references are given to more detailed 
accounts of the cause. 


No Signals. 

(a2) Broken or “ dry ”’ soldered connection at any point 
in the circuit from the aerial to the telephone receivers. 
—Try potentiometer contact, connections to variable 
condensers, telephone leads, etc. 

(6) Switch open.—Try aerial disconnecting switches, 
valve filament battery switch, wave range switches. 

(c) Aerial carried away. 


( 
(¢) Lightning arrester short-circuited. 
(/) Valve electrodes in contact. 

(g) Valve filament burnt out. 

(4) Valve not making contact in holder. 

(7) Jammed by strong continuous wave station, causing 
saturation of rectifier. 

(k) Circuit oscillating persistently, owing to a soft 
valve, too high a value of either H.T. or L.T. voltage, 
or incorrect adjustment of anti-reaction arrangements 
in high frequency amplifier. 


The symptoms of both (7) and (#) may at times be the same, 
namely, a breathing sound with complete absence of signals 
although, when this is caused by a jamming station, normal 
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conditions should be restored on rotating the frame so as to 
cut out the signals. 


(2) Tarnished slip rings. Try rotating, a few times, 
the search coil or any variable condenser or coupling coil 
which is fitted with brass slip rings and gold wire contacts. 

(m) H.T. or L.T. batteries discharged. , 

(n) Failure of amplifier due to disconnection in inter- 
valve transformer or breakdown of insulation. 


If the fault be traced to the amplifier and an examination 
of the connections does not yield any result, the following two 
tests should be applied : 

Test for Insulation of H.F. Cascade Amplifier. If 
the amplifier be of the type illustrated in Fig. 269 or similar 
in design, it will be found that in every case, the grid clip of 
one valve and the anode clip of the following one have a small 
condenser connected across them which is, therefore, in parallel 
with the condenser formed by the capacity of the windings of 
the intervalve transformers. All these small condensers 
are in parallel, and an insulation test made between any pair 
of clips gives the insulation resistance of all the intervalve 
transformers and condensers. A simple method of making 
the test is to connect a pair of telephones in series with a 
20-volt battery and, having removed the valves, to join one 
lead to a grid clip and to tap the other lead several times on 
one of the anode clips. When the first contact is made, a 
click will be heard in the telephones which is caused by the 
charging current of the small condensers mentioned above. 
Subsequent contacts ought to produce only very weak clicks, 
owing to the fact that the condensers have been charged to 
the potential of the battery at the first contact. If loud clicks 
are heard at each contact it shows that the condenser charge 
is leaking away instantaneously, owing to faulty insulation 
and, by disconnecting the intervalve transformers and con- 
densers one at a time, the faulty unit can be found. The H.T. 
battery should be disconnected before making this test. 

Another method of making the test is to keep the testing 
battery and telephones connected for a moment and then note 
whether there is a click on breaking the circuit again. This 
would be caused by the interruption of a steady current flowing 
through the faulty insulation. 

Test for Continuity of H.F. Cascade Amplifier. The 
continuity of each winding of the intervalve transformers may 
be tested separately, since it will be seen in Fig. 269 that one 
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end of each anode winding is connected to the positive terminal 
of the anode battery. Using a 20-volt battery and tele- 
phones as before, if one lead be connected to the terminal to 
which the positive H.T lead is normally joined, while the other 
lead is tapped successively on all the anode clip’, a loud click 
should be heard in each case. A continuous noise or an 
absence of click indicates a broken winding. The grid windings 
may be tested in a similar way by making contact between the 
negative filament battery terminal and successive grid clips. 
It should be ascertained that the circuit is not open due to the 
L.T. battery switch being left open. 


Signals Fall Off in Strength Gradually. 


(a) Faulty connections anywhere in the circuit. 
(b) Anode or filament batteries need charging. 
(c) Night Effect. (See pages 242 and 259.) 


Noises in the Telephones. These are usually “ sizzling ” 
or ‘‘ frying ’’ noises, and are more or less continuous. 


(a) Bad connections of filament clip with valve. 

(6) Faulty valve. | 

(c) Bad insulation of anode battery. 

(d) Bad contacts in filament or anode battery, due to 
loose terminals or corrosion. 

(e) Intermittent break in intervalve transformer. 

(f) Bad contact on potentiometer or filament rheostat. 

(g) ‘‘ Fizzly ’ atmospheric caused by rain from charged 
clouds falling on aerial and discharging to earth through 
the receiving apparatus. 

(h) Electrical interference from power supply. 


In the case of D.C. motors or generators in or near the 
station, try cleaning the commutator and eliminating all trace 
of sparking. If the noise still remains, try the effect of a 
condenser of r0 to 50 microfarads connected either across the 
brushes or from one brush to earth, and with and without a 
lamp resistance in series. The condenser can be of the Mans- 
bridge pattern, provided the voltage is not too high. In the 
case of noise coming from battery charging leads which pass 
near the receiver, chokes in the machine end of the two leads 
may entirely cure the trouble. __ If one lead be earthed, a choke 
in the other will probably be satisfactory. This method is 
expensive as a choke, to be effective, must have an inductance 
of the order of oor to 0:5 henry, and in order to prevent an 
excessive voltage drop must be of heavy gauge wire. 
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It has been assumed above that the interference is coming 
in on the aerial, but if it is found to be getting on to the 
receiver through the filament or H.T. battery leads, small 
chokes may be fitted in series with these supply leads 
with 2 microfarad condensers from the battery side of the 
choke to earth. For the H.T. supply lead a winding of a 
low frequency intervalve transformer may be tried, but 
something heavier will, of course, be required for the filament 
current lead. 

The interference may be due simply to insufficient screening 
of the receiver, the remedy for which is obvious. 


(7) Interference from magneto or coil ignition of engines, 


See page 387 where this subject is dealt with in connection 
with aircraft D.F. work. The methods adopted in aircraft 
are mostly applicable to ground work. 


(z) Electrical interference from telegraph circuits. 


Ensure that the telegraph circuits are not using the wireless 
‘“earth.’’ The telegraph earth should be as far distant as 
possible from the wireless earth. If a local sounder circuit 
is being worked: off the lighting circuit, try the effect of a 
separate battery and see if this eliminates the clicks. Chokes 
in the telegraph earth lead and condensers across key or relay 
contacts may help. A high resistance, say 5,000 Ohms, across 
the contact of a telegraph relay may be tried. 


(‘) Tarnished or dirty slip rings on radiogoniometer 
search coil or tuning condensers. 
(m) Intermittent disconnection in the aerial circuit. 


It may sometimes happen that a bad connection in the 
aerial and field coil system will give intermittent trouble for 
a long time and yet is difficult to find by the method of inserting 
a cell and a pair of telephones in series with the circuit and 
listening for noises when various parts of the circuit are touched. 
The fault may, however, show up when a large current is passed 
through the aerial and field coil, and the test should be repeated 
using an accumulator and an ammeter, with a current of 
2 to 5 amperes flowing—or as much as the field coil winding 
will take without damage. When the faulty part of the circuit 
is moved under these conditions a variation in current can often 
be observed and the fault located. 
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Bearings of all Stations Appear in the Same Direction. 
In the case of the B-T system, the direction generally coin- 
cides with one of the frame aerials and may be due to : 


(a) Aerial switch open. 3 

(0) Faulty lead-in, damaged cable. 

(c) Faulty aerial tuning condenser. (Tuned aerial 
B-T.) 

(d) Leads from one aerial or terminals on aerial switch 
or radiogoniometer, shorted by tools, wire, etc. 

(e) Very bad lack of symmetry of B-T loops. (Page 350.) 


Bearings all Distorted Towards One or Other of Two 
Directions which are 180° Apart. 


(a) Quadrantal error due to underground cables, over- 
head wires, pipes, etc. (page 283), mast and aerial system 
of shore station (page 285), hull of steel ship (page 369), 
in aircraft (page 389). 

(b) High resistance in one B-T loop causing quadrantal 
error. : 


Bearings all Distorted Towards One Direction (and 
Sense). 7 


(a) Aerial near the D.F. tuned to received wave length. 
(b) Bad lack of symmetry of B-T loop. (Page 356.) 


Figure Eight Minima not Opposite on Scale. 


(a) Vertical or Direct. (Pages 57 and 60.) 
(0) Lack of Symmetry. (Page 350.) 
(c) Radiogoniometerinaccurate. (Page 145.) 


No Directional Reception. Signals are received with 
almost intensity at all points of the scale. 


(a) Break in search coil circuit in which case the signals 
are received owing to the capacity coupling of the radio- 
goniometer, or alternatively by vertical aerial coupling 
coil or ‘‘ sense’ winding on the shielded transformer in 
the case of the heart-shape circuit. 

(b) Station on which bearings are being taken is very 
close to the D.F. and the D.F. earth connection or screen- 
ing is inefficient. 
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All Bearings Rotated (i.¢., all too high or too low). 


(a) Mistake in calculation or estimation of direction of 
North on shore station. (Page 402.) 


(6) If rotated through go°, may be due to wrong B-T 


aerial connections. (Page 400.) 
(c) Pointer of radiogoniometer moved on its spindle. 


Bearings Incorrect in Certain Directions Only. 


(a) Night Effect on certain station. (Page 270.) 

(0) Coupling error of radiogoniometer. (Page 147.) 

(c) Local screening causing errors of several degrees 
in one or two directions corresponding to buildings, trees, 
etc. (Page 283.) 

(Z) Coast Refraction. (Page 238.) 

(¢) Radiogoniometer inaccurate. (Page 145.) 

(f) Aerial lead-in wires in contact. 

(g) Bad earth connection or earth connection having 
other electrical circuits connected to it in addition to the 
D.F.. (Page 303.) 

(h) Aerial near the site tuned to D.F. wave. 


_ Bearings Incorrect Only when Signals are Very Strong. 


(a2) Re-radiation from a conductor near the aerials. 
(0) Lack of symmetry of B-T aerial system. (Page 356.) 


Bearings Incorrect on Certain Wave Lengths Only. 


(2) Adjacent transmitting or receiving aerial tuned to 


D.F. wave length. (Page 285.) 

(0) Natural wave length of leading-in cables, aerial and 
field coil near the D.F. wave length. (Page 354.) 

(c) Night Effect. (Page 270.) 


(2) High frequency amplifier in unstable condition and | 


being affected by slight variations in mutual inductance 
of field coil and search coil as latter is rotated to take a 
swing bearings. (Page I5I1.) 


Bearings Correct at Some Times and Incorrect at 
Others. | Gis 
(a) Night Effect. (Page 270.) | - 
(0) Tidal effects. (Page 241.) 
(c) Changing electrical conditions in near-by telephone 
or telegraph wires or other conductors near the D.F. 
(Page 283.) 
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(d) Aerial near the site occasionally tuned to D.F. 
wave length. 

(e) If incorrect in wet weather, cause may be radiation 
from semi-conductors forming a closed loop near the D.F. 


(Page 342.) 


More than Two Minima with Figure Eight Reception. 


(a) Local oscillator coupled to radiogoniometer or aerial. 
This will occur, of course, only in C.W. reception, (Page 
OF.) en 
i} High frequency amplifier in unstable condition and 
being affected by de-tuning effect of the change of mutual 
inductance between the radiogoniometer search coil and 
field coils. (Page I51.) . 


Indefinite Minima with Figure Eight Reception. 


(a) Night Effect. (Page 242.) 

(6) High resistance due to bad connection in the circuit 
of the search coil or shielded transformer. This will 
allow of a certain amount of directional reception, but 
also weak signals in any direction owing to the capacity 
couphing. 

(c) Shield disconnected in transformer. If the vertical 
is very great and also out of phase with the frame 
reception, the diagram of reception may be as. in 
Fig. 22. 

(d) High resistance in either or both B-T loops. (Page 
137.) 
(e) Earth connection of mid-point of field coils (when 
fitted) is bad or disconnected. Same effect as (c). (See 
also page 58.) 

(f) Bad insulation in aerial circuit, particularly in lower 
limbs or lead-in. (Pages 137 and 301.) 

(g) Fluff between vanes of aerial tuning condensers 
introduces losses in the aerial circuits equivalent to high 
resistance. 

(4) Operator resting hand on terminals when taking 
bearings. 

(7) Mutual inductance or capacity between aerials. 
(Pages 137 and 309.) 

(k) Mutual inductance between field coils. (Page 146.) 

(Z) Receiver not accurately tuned and vertical having 
proportionately greater effect than normal. 
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(m) Loop tuning effect. (Page 354.) 
(1) Capacity between blades of a “‘ Kellog’”’ pattern 


switch. 

(0) Intermittent periods of bad minima in ship installa- 
tion due to spray on the aerial insulators. 

(p) Too high a value of series calibrating choke. (Page 
370.) 


Change in Character of Note of a Station. 


(a) Night Effect... (Page 272.) 
(5) Bad earth connection. 


APERIODIC HEART-SHAPE CIRCUIT FAULTS 
Indefinite Minimum. 


(2) Unequal amplitudes of E.M.F.’s due to open and 
frame aerials. (Pages 33 and 316.) 

(0) Incorrect value of open aerial inductance. (Page 316.) 

(c) Incorrect amount of resistance in open aerial. 
(Page 316.) 

(¢) Direct reception by the radiogoniometer, interme- 
diate circuit, jigger or amplifier. (Page 315.) 

(ce) Lack of symmetry of B-T loops. (Page 356.) 


Abnormal Open Aerial Effects. 


(a) Open aerial effect appears too large due to low 
damped open aerial near to the D.F. tuned to the same 
wave length. (Page 318.) 

(6) Open aerial effect is too small, requiring less than 
normal amount of resistance for balance, due to high 
resistance in earth connection. (Page 317.) 


FAULTS DUE TO WRONG CONNECTIONS OF 
B-T AERIALS TO RADIOGONIOMETER 


(1) Stations the true bearings of which are a certain 
number of degrees EAST of North appear WEST. of 
North by an equa! amount. 


Reversal of leads from one aerial to radiogoniometer, 
which may be remedied by reversing the connections of 
either aerial. 
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CROSS CONNECTIONS OF B-T AERIALS 
(2) All Bearings are 90° Wrong. 


(a) See page 398, “ All Bearings Rotated ”’ (a) and (c). 

(6) Interchange aerials and reverse one of them. (That 
is to say, the leads connected to the N.S.E. and W. ter- 
minals of the radiogoniometer are transferred respectively 
to the E.W.S. and N. terminals, or to the W.E.N. and S. 
terminals.) 


(3) Bearings are Correct only on Subtracting from 
90° (or from 180° when the Observed Bearing is preater 
than 90°). 


Interchange aerials. (That is to say, the leads connected 
to the N.S.E. and W. terminals of the radiogoniometer are 
transferred respectively to the E.W.N. and S. terminals.) 

In the case of a ship installation, for N.S.E. and W., read: 
Fore, Aft, Starboard and Port. 

It may be noted that the remedies for any given errors as 
stated above are dependent on two factors, namely : 


(1) The direction of True North relative to the plane 
of the frame aerials. 

(2) The direction of the 0°-180° line of the scale of the 
radiogoniometer, relative to the planes of the field coils. 


Kegarding the first of these, it has been assumed throughout 
the book that the B-T aerials will always be laid out North- 
South and East-West (or in the case of a ship installation, 
Fore-Aft and Starboard-Port), and so it is not necessary 
to consider other types of layout. Referring to the second 
factor, the radiogoniometers mentioned in the foregoing 
chapters, whilst not identical in design, are so far similar that 
the same errors are produced by wrong connections and the 
remedies given above therefore apply to all of them. 

The way in which the above three types of cross-connection 
may be recognised has been described on page 155. 


Practical Example, of Errors in Laying Out and 
Connecting Up B-T Aerial. To show the confusion which 
may arise from lack of care in laying out the aerial system and 
connecting the aerial leads to the apparatus, we may instance 
an actual case. A temporary station had to be erected 
very hurriedly, and in laying out the aerials an estimate was 
made of the direction of North, since no compass or map 
was available and the sky was completely overcast. After 
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connecting up the radiogoniometer, bearings were taken on a 
number of known stations, the true bearings of which were 
obtained from a gnomonic chart, and the results are tabu- 
lated below : 


Observed True 


Station. Bearing. Bearing. Error 
Eiffel Tower a i fn O35" 145° + 384° 
Cullercoats vs a3 eee 106s? +S s6° 
Malin Head Ae sn .. 2454 2634 — 18° 
Glasgow (temporary station) .. 305° 24° v1) eee 
Seaforth a a APG bo 158° + 134 
Land’s End x 2 Bil 7 Be 188° — 464° 
Fishguard ie i eI AAg 185° — Ar® 


At first sight there appeared to be no consistency about 
the errors, but on applying the various remedies for cross 
connection of aerial leads a solution was found. On the 
assumption of an East and West reversal of all bearings the 
corrected bearings have been tabulated again. Thus the 
observed bearing of Eiffel Tower was 1834° East of North; — 
if this be taken to be his bearing West of North, we get a 
value for the true bearing of 360°—1834°—1764°, and so on. 


Observed Bearing Assuming aes 


Station. Bearing, 22 ewe pase Bearing. Error, 
Eiffel Tower 1S Si is Wat 1764°.. 145° 31° 
Cullercoats a ee mezes 1374 1064 =—s +. 31° 
Malin Head ie .. 2454° 2943° 2634" +31° 
Glasgow cee ae COR. 55° 24° ‘' +37° 
Seaforth #3 erie 188 4° 158° +304 
Land’s End ts Ye TATAS 218 4° 188° +304° 
Fishguard ts eee = 216° 185° +31° 


A constant errror of about 31° results from this, and it was 
found later to be due to incorrect guessing of the direction of 
North, and was corrected by rotating the pointer of the 
radiogoniometer through 31° on its spindle. The other fault, 
namely, the East and West reversal, came about through 
reversing the aerial leads to one set of field coils, and after 
connecting them properly the installation was perfectly 
satisfactory. 
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NOTES ON FIELD AND NAUTICAL ASTRONOMY 


In this Chapter are described the solutions of a few problems 
of field and nautical astronomy, etc., a knowledge of which 
may, at any time, be of use to engineers engaged in the erection 
of direction finding or directional receiving stations and who. 
may be called upon to lay out an aerial system in a given 
direction with considerable accuracy. Although the average 
D.F. station cannot be operated to within an accuracy of any- 
thing approaching one or two minutes of arc, there is no excuse 
for slipshod work in laying out the aerials with the subsequent 
introduction of an irritating element of doubt as to whether 
they are really North, South, East and West, or whether they 
are a quarter or a half a degree in error (see page 287). 
A certain amount of familiarity with the use of the theodolite, 
and similar instruments, is assumed and also with the use of 

mathematical tables. 

A short introduction to the subject of nautical astronomy 
and an explanation of the terms used will enable the steps in 
the methods of finding the direction of North to be followed 
with greater ease and will reduce the chance of making mistakes 
when using them. 

Position of Heavenly Bodies. At the beginning of 
Chapter 6 it was seen that the method of locating a point on 
the surface of the earth is by means of latitude and longitude, 
and a very similar process is adopted for the heavenly bodies. 
We know that actually, the earth rotates about its axis once 
in approximately twenty-four hours, and that furthermore 
it takes an elliptical path round the sunonceinayear. Inaddi- 
tion to these motions, the sun and the whole solar universe 
have a definite motion, but for astronomical purposes it is found 
more simple to suppose the earth to be still and all the remaining 
heavenly bodies moving, their relative positions being desig- 
nated in the following way. 


Nore.—Figs. 316, 317 and 319 are adapted from similar illustrations in the 
Admiralty Manual of Decal hee 
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Imagine that the earth is at the centre of an infinitely large 
sphere, and that on the interior of the sphere are projected 
from the earth’s centre all the meridians of longitude and 
parallels of latitude. If, now, an observer on the earth con- 
centrates his gaze on the inner surface of this sphere, with its 
imaginary lines of latitude and longitude, all the heavenly 
bodies will appear to be moving relatively to it, and at any 
instant their position could be stated in latitude and longitude, 
Just as in the case of a point on the earth. This infinite sphere 
is called the Celestial Concave, which is illustrated in 
Fig. 316, and the Celestial Meridians and Celestial 
Equator are seen to 
be projections of the 
corresponding lines 
on the earth. 

The projections on 
the celestial concave 
and on the earth re- 
spectively of any 
heavenly body are 
| called the true posi- 
tion and the geo- 


— ~a-=———- —-—~--—=---- Ay 


ae} 


Seer ee es os graphical position 
of the body. Thus, 
TOF ARIES in. Fig. 316. SS re- 


presents the body in 
space; .X% bemewate 
true position and A 
its geographical posi- 
tion. The Ecliptic 

Fig. 316.—True Position and Geographical is the apparent path 

Position of Heavenly Bodies. of the sun referred to 

the celestial concave, 

so that if S had been the sun, the point X would have been on 
the ecliptic. 

Declination. Latitude, when referred to the celestial 
concave is called Declination. In Fig..316 the arc AM is the 
latitude of the geographical position of the body S, and the arc 
X N on the celestial concave is the declination. In the 
Nautical Almanac will be found tabulated the declination for 
any Greenwich Mean Time (see page 406) throughout the day 
and year, of the sun, moon, and principal planets and fixed stars. 

Polar Distance. The co-latitude P’ A of the point A, when 


referred to the celestial concave, becomes the North polar 
distance P X, 
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_ Right Ascension. The measurement of celestial longitude 
1S rather less straightforward than on the earth, where our 
prime meridian is chosen, purely arbitrarily, as the one which 
passes through Greenwich. In Fig. 317 is illustrated the 
path of the earth round the sun, and it will be noted that the 
axis of the earth is tilted relative to the plane of the earth’s 
path, so that the plane of the ecliptic and that of the equator 
make an angle with one another of 23° 27’. Since we are 
assuming in Fig. 316 that the earth is stationary, the sun will 
appear to move around the celestial concave in an oblique 
path which makes an angle of 23’ 27° with the celestial equator, 
and will cross the latter at two points. One of these ‘points 
is named the First Point of Aries, signified by the charac- 
ter y and is taken as the point of reference for celestial longi- 


tude. The arc of the celestial equator y N is the Right 
ATSC €-T-SdiOun) 


(R.A.) of any Some ne keds. SR ee et 
heavenly body eo SUMAN ae fay ve eles POR, | Og en an pS ~ 
Sr Peanmeis ica ae 4,77 bs 
sured in an east- ‘ @ sv" 
erly direction 4 / 

fe) (e) Se . AXIS AND DIRECTION ,’ 
from 0° to 360 ane \,___OF ROTATION ,-” 
or from 0 to 24 pe ie 


TSK ary ° 
aes H. Be 
hours. The ~==2 ORerr mene? ; 
RASS Obes the 
‘ 


moon, principal . 
planets and Fig. 317.—Movement of Earth Round Sun. 

fixed stars is 

tabulated in the Nautical Almanac. 

Sidereal Time. The earth rotates on its axis at a constant 
rate, and the time elapsing between successive passages of a 
star across any given meridian is a Sidereal Day. The 
sidereal day is said to start from the time of passage of the 
first point of Aries across the meridian, and the sidereal time 
at which any heavenly body crosses the meridian is thus seen 
to coincide with its Right Ascension. A clock can be regulated 
to keep sidereal time. 

Apparent Time. Owing to the apparent movement of the 
sun in the ecliptic, the time elapsing between successive pas- 
sages of the sun across any meridian is not a constant quantity, 
and is called a Solar Day. A clock cannot be regulated to 
keep this Solar Time, which is the time shown by a sun- 
dial and generally referred to as Apparent Time (A.T.). 

Mean Time. For the sake of convenience, a mean solar 
day is taken as our standard, and is equal to the period which 
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would result from an imaginary mean sun which moved at 
a uniform rate round the celestial equator, instead of the 
ecliptic. The right ascension of this mean sun (R.A.M.S.) 
is measured eastward from the first point of Aries from 0° 
to 360° or from o to 24 hours, and is tabulated in the Nautical 
Almanac. A clock regulated to keep this time is said to show 
Mean Time. 

Greenwich Mean Time (G.M.T.). This is the standard 
time of the meridian of Greenwich, commencing at midnight 
and reckoned throughout the 24 hours. Noon G.M.T. is the 
instant of passage of the mean sun across the meridian of 
Greenwich. Up to and including the year 1924, the above 
was known as Civil Time as distinct from G.M.T., which was 
then reckoned from noon corresponding to 12 hours civil 
time. G.M.T. was altered to conform to Civil Time in 
1925. 

ioe Mean Time or Mean Time of Place (M.T.P.). 
Since the earth appears to rotate through 360 degrees of 
longitude in the 24 hours of the mean solar day, it follows that 
at Greenwich mean noon, in a place in longitude, say, 15° 
East of Greenwich, the sun will already have passed the 
meridian ,4°,ths = ,,th of a day = 1 hour ago and the M.T.P. 
will therefore be one hour earlier than, or one hour fast on 
Greenwich. In the same way, places in longitudes west of 
Greenwich have their mean noon later than Greenwich and 
their mean time is accordingly slow on G.M.T. 

The conversion of Difference of Longitude, measured in 
degrees, minutes and seconds of arc, into Time measured in 
hours, minutes and seconds, may be taken from Inman’s 
and other nautical tables, or may be found very simply as 
follows : 


TIME. ARC. 

24 Hours ==" ~360° Degrees. 
t Hour a= Ps WWesrecs: 
4 Minutes > = I Degree. 
t Minute == 15 Minutes. 

-47oeconds == i Minute. 
I Second = Sty Seconds. 


Equation of Time. The difference, at any instant, between 
mean and apparent time is known as the Equation of Time 
and is tabulated in the Nautical Almanac, where it should be 
carefully noted that when the Eq. T. is marked + it indicates 
that it must be added to apparent time to give mean time and 
vice versa. 
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The (Tropical) Year. The apparent movement ot the 
sun in the ecliptic also results in the mean solar day being 
3m. 564s. longer than the sidereal day, and the period required 
for these small differences to total 24 hours, is the Tropical 
Year, or what we commonly call the Year. This period 
is equal to 365:2422 mean solar days or 366°2422 sidereal days ; 
in other words the sun appears to make one complete circuit 
of the ecliptic during this time. 

Local  Side- 


real Time. * Np 
Since sidereal 4 % 
time is reckoned Uy 


by reference to 
the apparent 
movement of the 
“irstixpoinetiot 
Aries relative to 
Hthemeattii.n it 1S pp 

Gi peur yee Cd. FLi kN 
timing stellar 
observations, 
andy the: ibocal 
Sidereal Time 
can be found 
directly from the 
R.A.M.S. and the 
MoD Peso Med iP: 
is the angular 
distance which 
the meridian of 
the place is east- 


\DIAN OF 085 
p.MECaL SIDEREAL 3h 


av 


ward of the Mean 
Sun, Pp Bu oth Oar Fig. 318.—Local Sidereal Time in Terms of 
minus 12 hours M.T.P. and R.A.M:S. 


(since. “MyT P.is 

reckoned from midnight and not noon), whilst the R.A.M.S. 
is the angular distance of the Mean Sun eastward of the first 
point of Aries, so that the sum of these two angles, or times, 
must be the R.A. of the Meridian or Local Sidereal Time. 
This is illustrated in Fig. 318, from which it will be seen 
that : 


R.A. of Meridian 
or | == M.T.P. + 12 Hours + R.A.M.5. 
Local Sidereal Time } 
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Zenith Distance. In Fig. 319, S again represents a 
heavenly body, and A and X its geographical and true positions. 
Suppose B to be any other point on the earth, with corre- 
sponding position Z on the celestial concave. Then Z is the 
zenith of B and the arc ZX is the zenith distance between 
Z and X and is usually expressed as the angle ZCX. The 
angular zenith distance expressed in circular measure (or 
radians) and multiplied by the radius of the earth, is clearly 

the great circle dis- 
tance between A and 
B. If the angular 
zenith distance be— 
expressed in ‘degrees, 
the constants by 
which it must be 
multiplied to give 
the great circle dis- 
tance in either kilo- 
metres, nauticalivar 
statute miles will be 
found on page 438. 

Azimuth. [n 
Chapter 6 we saw 
that the angle ABP’ 
was the true bearing 
or azimuth of A at 
the place’ B.. Simi 
larly, when referred 
to the celestial con- 
cave, XZP is the 

Fig. 319.—Azimuth, Zenith Distance and azimuth of X. 

Hour Angle. Hour Angle. H, 

the angular distance 

westwards of the celestial meridian of the heavenly body S$ 

from the celestial meridian of the place B, is the hour angle. 

In the case of the sun, the hour angle, +12 hours, fisee 
measure of the apparent time. 

Hour Angle and Difference of Longitude. Knowing 
the hour angle of the sun at any given place, the difference 
of longitude between the geographical positions of the sun 
and the place may be found at once by converting the hour7 
angle to degrees (page 406). 

Greenwich Date (G.D.). In the Nautical Almanac, 
the tabular matter regarding the heavenly bodies is all given 
for G.M.T. and before referring to the tables of Eq. TD eee 
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etc., it is therefore necessary to convert the M.T.P. of any 
observation to G.M.T. by applying the correction for the 
difference of longitude converted to time. It may be neces- 
sary to alter the day of the month, as for instance in the case 
of an observation taken in New York at ozhr. oom. on Sep- 
tember roth. The longitude of New York is 74° West, and 
this would make it necessary to subtract 4hr. 56m., giving 
2thr. 04m. Sept. gth. In practice New York time is taken as | 
5 hours slow on G.M.T., so that the “‘ Greenwich Date’’ is 
2thr. oom. Sept. oth. . 


- METHODS OF FINDING THE DIRECTION OF TRUE 
NORTH 


The methods of finding the direction of the meridian through 
the position selected for the D.F. or directional aerial system, 
are numerous, and it is an advantage to have as many as 
possible available, so that two or three of the most convenient 
may be used as a check, one on the other, when extreme 
accuracy is demanded. Some of the methods require careful 
work with the theodolite or sextant, accurate timing of ob- 
servations, correction of the watch by means of a time signal 
and calculation in order to obtain the results; others are 
more simple. Thirteen methods are enumerated below, 
with short descriptions of the principles involved, whilst in 
the succeeding pages, they are dealt with in greater detail, 
together with a number of worked examples. 

I. Prismatic Compass. (Page 415.) In any but expert 
hands, this is not a precise method, and is of no use for 
accurate work. 7 

II. Survey Map. (Page 415.) With ordinary care, this 
gives results accurate to within about 5’ or 6’ of arc, and 
requires one or more Ordnance Survey or other reliable maps 
of the district. A theodolite or sextant is used, also a straight- 
edge and a good protractor, but there is no calculation to be 
done. : 


Measurements of Azimuth of Heavenly Bodies. 


In the Nautical Almanac are tabulated the Right Ascension 
and Declination of the Mean Sun, Moon, the four navigational 
planets, Venus, Mars, Jupiter and Saturn, and of a large num- 
ber of the principal stars. From these data, we have seen 
that the geographical position of any of these bodies can be 
found for any given time. If, therefore, a careful measurement 
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be taken of the bearing of some heavenly body, from a fixed 
point of reference on the site, and the exact time be noted at 
which the observation is made, it is only necessary to calculate 
what was the azimuth of the body at the instant, in order to 
find the direction of the meridian relative to the fixed point of 
reference. 


III. Sun. (Page 418) } 

IV. Moon. (Page 421) Fairly long Required: 

V. Planet. (Page 424) Calculation. Theodolite, Nautical 
VI. Star. (Page 424) } Almanac, Good Watch 
Vil. Pole Star. (Page 424) { Api § and Time Signal. 


Observations of Meridian Passage of Heavenly Bodies. 


Since the earth rotates on its axis once in a little less than 
24 hours, it follows that practically all the heavenly bodies 
will, at some time of the day or night, cross the meridian of the 
observer and, if not exactly overhead, must be either due 
North or South. The instant at which this takes place is called 
the Meridian Passage or Transit of the body, and is, of 
course, the time of apparent noon in the case of the Sun. 

The approximate daily times of meridian passage of the 
Moon and the four navigational planets are tabulated in the 
Nautical Almanac for the meridian of Greenwich and can 
easily be accurately found for any body on any meridian, 
from other data given in the same book. — 


VIII. Sun- (Page 427) \ Short 
IX. Star. (Page 428) :{ Calculation. Required: 
Theodolite or Plumb 
X. Star. (Page 431) — No Calculation. } Line, Nautical Almanac, 
Good Watch and 
XI. Planet. (Page 431) \ Short Time Signal. 
XII. Moon. (Page 431) Calculation. 


Required: 
XIII. Pole Star. (Page 432) — No Calculation. { Theodolite or Plumb 
Line and Watch. 


The most convenient and most accurate way to observe a 
meridian passage is with a theodolite or transit, but an im- 
provised method, in which a plumb line is used, is described 
on page 413 for use when no instrument is available, or when 
extreme accuracy is not essential. 
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The Theodolite. In finding the direction of true North 
accurately by the astronomical methods mentioned in this 
chapter, a Theodolite or else an Engineer’s Transit is 
required. The latter instrument is very similar to the theodo- 
lite but is not fitted with a vertical circle for the measurement 
of zenithal angles. A Sun-Head should be provided for 
solar observations, and there must be provision for illuminating 
the cross wires of the telescope when working at night. In 
case there is no sun-head with the instrument, a piece of 
smoked glass held at the eye-piece end of the telescope will 
enable the solar observations to be made and a reflector for 
illuminating’ the cross °° | 
wires can be made very LPR one 
simply as shown in Fig. eae 
320. A piece of tin is 
cut and bent to form 
an annular reflector 
which clips on to the 
end of the telescope, 
ties Suriaceé.. being | 
painted’ white and 5 9 fa 
illuminated by an © 7 moe 
electric torch fixed, or 
held, a foot or so dis- 
tant. 

It is assumed that 
the reader is able to set up and level a theodolite, to elimi- 
nate cross wire parallax and to check the vertical suspension 
of the telescope. Even if the instrument is said to be in 
good order it is unwise to start on a series of measurements 
without first checking the more important adjustments whilst, 
if it be handed over in really bad condition, the readjust- 
ment must be tackled very methodically and it is a good 
plan to have a book of reference. All the information re- 
quired on the subject is to be found in “ Trautwine’s 
Engineer's Pocket Book,” ‘‘ Kempe’s Engineer’s Year Book ”’ 
or any good book on Surveying. | 

The Sextant. For the measurement of horizontal angles, 
when the objects are approximately at the same level, a 
Nautical Sextant, or else a Box Sextant can be used. 
A full account of the former will be found in “‘ The Admiralty 
Manual of Navigation ”’ and, of course, in many other nautical 
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Fig. 320.—Easily Constructed Reflector for 
Illumination of Cross Wires of Theodolite or 
Transit. 
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books. The Box Sextant is a more portable form of instru- 
ment and is described in the surveying books mentioned above. 
It is extremely simple in operation and can be read to aminute 
of arc. | 

Tables. The mathematical tables used in working out Great 
Circle Angles and Distances, or Azimuths in connection 
with astronomical observations, must be at least five figure 
ones and six figures are better. ‘‘ Inman’s Nautical Tables ”’ 
will be found convenient in form. Four figure logarithms or 
trigonometrical tables are not advisable. ; 

A copy of the “ Nautical Almanac ’’ (Abridged) is required, 
although it is worth remembering that, for emergency use, 
‘ Whitaker’s Almanack ”’ contains all the essential information 
regarding the positions, etc. of the Sun, Moon, Planets and — 
many stars, in a still more abridged form. Burdwood’s or 
Blackburne’s Azimuth Tables are useful when a large number 
of azimuths have to be found but are not really necessary 
for our purpose. | 

Timing of Observations. In almost all astronomical 
work, the question of time is involved, and preparation should 
be made for the accurate timing of observations. For -this 
purpose, any good watch is satisfactory, provided that means — 
are available for checking the watch by a wireless time signal, 
or some other time signal, which is operated from an obser- 
vatory. In the case of a visible time signal such as a falling 
ball, an assistant B is required who gives an audible signal 
to the observer A, who is following the seconds hand of the 
watch. At the instant of the signal, B gives the word and 
A notes and writes down the reading of the seconds hand, 
followed by the minutes and hours indicated by the watch. 
B should then be asked to check the minutes and hours, as it is 
usually in these, and not in the seconds, where mistakes are 
made. Care should be taken to make allowance for Summer 
Time, if itis in force.’ Confusion may also result if the minutes 
hand has been accidentally adjusted to be midway between 


two divisions, when the seconds hand is at 60. This should — 


be altered before checking the watch. 

If it be known some days before that the observations are 
to be made, and unless the watch is known to be a really good 
time-keeper and loses or gains only a second or two a day, 
it is very advisable to check the watch each day and to note 
the rate at which it is gaining or losing. Once this rate is 
known, and found to be steady, several hours may safely 
be allowed to elapse between the last time the watch was 
checked and the time of making the observation, a very simple 
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calculation giving the error of the watch at the instant. It is 
also advisable to check the watch at different times during the 
day, as the rate of a pocket watch may vary. This is especi- 
ally the case if it be carried with the dial vertical in the day- 
time and laid flat at night. 3 


Fig. 321.—Observation of Meridian Passage 
without Special Instruments. 


Plumb Line Observation of Meridian Passage. Fig. 321 
illustrates a method of observing a meridian passage without 
the use of a theodolite or transit. A stake having been driven 
into the ground to mark the proposed position of the centre 
line of the aerial (or the mast in the case of a B-T station), 
some device is arranged to support a-plumb line so that it hangs 
directly over the stake. The adjustment of the position of 
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the plumb bob will be found quite simple if the line is sus- 
pended from a pole with stays attached, enabling the top to 
be pulled over to the correct position. The length of the line 
may have to be 15 or 20 feet when the body is high in the 
sky, since the accuracy of the method depends upon the 
distance between the observer and the line, and for this reason 
it is impossible to use it when the body is near the zenith. 
Thick thread is suitable for the line, and during a light breeze 
a fairly heavy bob suspended in a bucket of water will prevent 
the line from swaying. 

Some form of movable “ sight ’’ is now required, through 
which the observer can follow the apparent movement of the 
body. For this purpose a small table is constructed, as shown, 
supported by two pointed stakes, and these are driven into 
the ground fixing the table in the best position for the observa- 
tion, the surface being levelled with a spirit level. A con- 
venient form of “‘ sight ’’’ is shown in the figure, and can be 
made from the glass of a photographic plate fixed to a wooden 
base. On one side of the glass is pasted a sheet of brown 
paper with a vertical slit about , inch wide, and the other 
side is left clear for night work and is smoked for solar ob- 
servations. It will be found better to have half the glass 
smoked and half clear when taking a meridian passage of the 
sun so that there will be one section of the slit through which 
the sun can be observed and another clear section for fixing 
the position of the distant stake. At night, the plumb line 
can be illuminated to render it visible. . 

A minute or two before the time of meridian passage, the 
observer takes up a prone position on the ground behind the 
level table, convenient for making the observation. He then 
moves the sight slowly, keeping it always in such a position 
that the plumb line just eclipses the star—or bisects the sun’s 
disc or else is just tangential to a limb of the sun or moon, as 
the case may be. An assistant holds the watch and gives the 
signal at the time previously calculated, the observer then fixes 
the sight on the table with a clamp or pins, the sight and 
the plumb line being now in the meridian. 

A plumb line can, of course, be used in an observation of an 
azimuth, but in that case a sextant will be necessary to lay 
off the direction of the meridian later. 

Marking Direction of True North. Having found 
the direction of the meridian by any of the methods mentioned 
here, it is as well to mark it by means of two fairly substantial 
wooden stakes, painted white. One may be short for locating 
the plumb bob of the theodolite for future measurements, and 


414 


TRUE NORTH BY PRISMATIC COMPASS 


a distant one, projecting about two feet out of the ground 
and having a thin vertical black line on the face. It is an 
advantage to make the stakes conspicuous for ease of reference, 
appearance, and also because any unpainted stake is almost 
bound to be moved accidentally, sooner or later. Tall posts 
should not be used if there are animals grazing on the site as 
they will be used for rubbing posts and probably displaced. 

Precision. The care to be taken in fixing a stake to mark 
the direction of true North, in locating the plumb bob of a 
theodolite or in laying out an aerial system after the direction 
of the centre line has been decided upon, can be judged by 
bearing in mind that at a distance of 57-3 feet from the observer, 
' a transverse length of 1 foot subtends an angle of I degree, 
from which it follows that at a distance of 95% yards, a lateral 
error of i inch introduces an error of 1 minute of arc. 

Method I. Prismatic Compass. Familiarity with the 
use of the prismatic compass is assumed, and the way in 
which it may be adapted to find the direction of the meridian 
in the case of the site of a D.F. station will present itself to 
the reader after noting the foregoing remarks on the same 
subject. The correction for magnetic variation can be found 
from Admiralty Charts or Ordnance Surveys, and it should 
be noted that the variation is not a constant for any given 
place, but the necessary correction for the annual change is 
generally given on the chart or map. It is advisable to use 
as recent an issue as possible, and not to extrapolate more 
than necessary when making this correction. 

It is necessary to make certain that no iron or steel objects 
are brought near the compass during the time the readings 
are being taken, knives, keys, etc., being removed from the 
observer's pockets, and also care should be taken to ensure that 
the instrument is in good order and not sticking at all. Unless 
complete confidence can be placed in the compass to be used, 
this method of finding the direction of true North should not 
be adopted where any other is possible. 

The compass is, of course, particularly well adapted to rapid 
orientation of an aerial system when accuracy is not of great 
importance. 

Method II. Survey Map. In this method, a reliable 
map of the district is procured, which has the meridians of 
longitude shown, and on the map is fixed the exact position 
of the D.F. station. Bearings are now measured on the 
map between the meridian through the position of the site, 
and the directions of various conspicuous distant objects, 
such as churches, towers, etc., and these are reproduced on 
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the site by means of a theodolite or sextant, and the direction 
of the meridian thereby found. 

It should be borne in mind that the available maps of parts 
of the world in which it may be necessary to erect D.F. stations 
are by no means as accurate as the ones we are accustomed to 
use in the British Isles, and a lack of conspicuous objects or 
low visibility also conduce to bad results. The method has 
the advantages that it is not necessary to have a clear view 
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Fig. 322.—Determination of Direction of North from Bearings Obtained 
from a Map. 


UI vl ee aii 


of the sky, there are no calculations to be made, and a theodo- 
lite is not essential. Whilst. it is more convenient to use a 
theodolite, a sextant is quite satisfactory. 

Suppose Fig. 322 shows a view of the site chosen for the 
station. It is found that there are three conspicuous objects 
which can be seen from the position chosen for the mast, all 
of which are likely to be shown on an Ordnance Survey. 
Fig. 323 is a rough representation of the map of the district 
shown in Fig. 322. (The latitude and longitude have been 
pone at random and the map does not represent any real 
place.) 

On the map are marked the objects mentioned above, these 
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being a tower, a church and a signal box. It may often be 
necessary to obtain several maps in order to include all the 
objects selected for bearings and in this case it is better to pin 
them out on a flat table rather than to paste them together, 
as this is not easy to do and may ruin the maps. 

Having found on the map the position of the proposed mast, 
lines are drawn through each of the objects and the point 
marked on the map to represent the mast. It is now necessary 
to fix the meridian through the station and for this purpose 
only those maps can be used which have either the meridians 
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Fig. 323.—Map of District (Imaginary) shown in Fig. 322. 


drawn, or a marginal scale of longitude, as in the map illus- 
trated in Fig. 323. As already pointed out on page 1809, the 
meridians are very rarely found to be parallel to the margins 
of the Ordnance Survey map, and if some other sort of map 
be used in which the meridians are not definitely shown, 7 
should never be assumed that the boundaries of the maps are 
meridians or parallels. 

A line having been drawn to indicate the direction of North, 
the bearings of the objects chosen are measured off from the 
map. Having driven a stake into the ground to mark the 
position for the mast, the theodolite is set up so that its plumb 
bob hangs over the centre of this stake or, if a sextant is being 
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used, it must be held vertically over the stake whilst readings 
are being taken. A distant stake is next placed in such a 
direction that bearings of the objects from this stake coincide 
with the bearings of the objects from North, as found on 
the map. In other words, the two stakes mark the direction 
of the meridian, the process being illustrated in Fig. 322. 

This method is accurate to within 5’ of arc under favourable 
conditions, but there are certain precautions to be taken. 
If the objects on which bearings are taken are nearer than 
about a mile, errors are likely to occur owing to the in- 
ability to locate accurately on the chart the position of 
the mast. These errors are mentioned under “ Precision.”’ 
on page 415. | 

Method III. Sun’s Azimuth. In this method of finding 
the direction of North, the horizontal angle between the sun 
and some fixed point of reference, which is fairly conspicuous, 
is measured and the time of the observation is accu a 
noted. 

A calculation is then made to find out what was the azimuth 
of the sun at the instant the observation was made, and a 
simple process of addition or subtraction of angles will give 
the true bearing of the point of reference, and hence the 
direction of true North. 

Assuming the theodolite has been located accurately over 
the proposed site for the centre line of the aerial system, the 
instrument is levelled and an observation made of, the point 
chosen for the fixed point of reference, the horizontal scale 
being adjusted to read 0° when the telescope is in this position. 
The telescope is now fitted with the sun-head and adjusted 
until the sun’s disc is visible on one side of the field of the 
instrument and is approaching the centre. At the instant 
of contact of the sun with the vertical cross wire of the tele- 
scope a signal is given to an assistant with a watch, who notes 
the time to the nearest second; and similarly, when the 
opposite limb of the sun is just leaving the cross wire, the 
time is again taken and noted, care being taken not to move 
the instrument between the two readings. The scale reading 
of the horizontal angular position of the telescope relative 
to the fixed point of reference is also noted, this corresponding | 
to the angle subtended at the site by the point of reference 
and the sun, at the time the observation is made. This com- 
pletes one set of readings, but additional ones should be taken 
and worked out for checking purposes. 

, Example. In latitude 51° 43’ 45” North and longitude 
0° 28' 37” East on September roth, 1926, observations were 
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taken of the sun’s horizontal bearing from a fixed point of 
reference, the times of the first and second contacts being 
Ith, 22m. 20s. and 1rh. 24m. 354s. a.m. by watch, and the 
measured bearing of the sun 130° 10’ in a positive direction 
(that is, measuring from North through East), the error of 
the watch was 58m. 47s. faston G.M.T. It is required to find 
the true bearing of the point of reference, and hence the 
direction of the meridian at the place. The work may be 
set out as follows: 


Date, September roth, 1920. 


- Latitude .. os oi eee Lie 4 a NG 
Longitude. . a es spogs Ogee ows irae ky: 
Error of watch .. 54 i, Oli a 7S east On iaiMsT. 


Watch (First contact) ai1rh. 22m. 2os. 
Watch (Second contact) Ir 24 36 


Watch (Mean of above) 1m 23 28 Sept. roth (x) 
Watch fast .. cm CR oS oe oe (2) 
G.M.T.andGD. .. 10 24 41 Sept.xoth. .. (3) 
Longa i is: Diy Arete oe donk (4) 
M.T.P. ae Meee LO. eee O miele) (5) 
dra youl fp ae aie ee ar 2 AOL. - (6) 
AS PEr: ‘i Repel O seca AO ae 2 Ai EF, ean (A) 
T22- 00's) 200 
Hour Angle .. 22 OO APO AL® > if mae) 
Now find the geographical position of the Sun: 

Hour Angle .. ee o3 7. 2 =. 00,8 Ww, ia eset Ns 
Diff. Long.between Su 


and Place .. -. 22° 39° 00” (Sun E. of place)(z0) 
Latitude= Declination ST AaTe sy Ate NUN ON Reena aed 8 


The azimuth of the Sun is now calculated from its geo- 
graphical position, in the same way as any great circle 
bearing (page 437) or it may be taken from Burdwood’s 
Azimuth Tables, to the nearest tenth of a degree (see page 
436, item 9, for similar example). | 
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Having found the eas by one of these methods, proceed 
as follows: 


Azimuth of Sun .. 150° 04’ East of North (12) 
Measured bearing of Sun 
from Point of Reference T30 wP-LOre At ee os 


True bearing of Point of 
Reference ue ie I9°) 454" .Eastof Northam 
Explanatory Notes on Above Example. 

(x) Write down the time by watch, and date, of observed 
bearing of the centre of the sun’s disc, which is the mean 
of the time of first and second contact. 

(2) Write down the correction for the watch. 

(3) Subtract correction if watch fast, add if slow, giving 
Greenwich Mean Time and Date. 

(4) Write down the longitude of the place converted to 
time. (See method of converting Difference of Longitude 
from degrees to time, page 400.) | 

(5) For longitude East, add (4) and (3) ; for longitude 
West, subtract (4) from (3) giving Mean Time at Place. 

(6) From the Nautical Almanac, take out the Equation 
of Time for the Greenwich Date, and write down under 
the M.T.P. with sign reversed since we are converting 
M.T.P. to A.T.P. (See definition, page 406.) 

(7) Add or subtract the Eq. ale , according to sign, Senet 
the Apparent Time at Place.” 

(8) Add or Subtract 12 hours to give the Hour Angle, 
since A.T.P. is reckoned from midnight, whilst the Hour 
Angle is the distance Westwards, from the place, of the 
sun itself. 

(9) Convert Hour Angle from time to arc. 

(ro) Hour Angle equals the difference of longitude 
between the place and the geographical position of the 
‘sun. If greater than 180°, subtract from 360° and write 
as longitude East of Place. 

(11) See definition, page 404. 

(12) The calculated azimuth is written down to the 
nearest minute. . 

(13) Write down the measured bearing of the sun, 
from the point of reference, as read off from the horizontal — 
scale of the theodolite when the telescope was in the 
position in which the observation was made. 

(14) Subtract (11) from (10), adding 360° to (10) if neces- 
sary, giving the true bearing of the point of reference from 
which the direction of the meridian is at once obtained, 
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Method IV. Moon’s Azimuth. The operations to be 
carried out in measuring the bearing of the moon from a point 
of reference on the site, are very much the same as those 
already described in the case of the sun. The chief differences 
are that, except at full moon, only one limb can be used and 
allowance must be made for the semi-diameter, the value 
of which is tabulated in the Nautical Almanac for each day. 
aes hice tees 3 MOON, (PLANET OR STAR) 
varies with the moon’s 
altitude, this should 
be measured when the 
observation is made. 
If a transit without 
a vertical scale is be- . 
ing used, the altitude 
can be _ estimated 
SME Caled blr Vie aC 
curately up to about 
45° since the correc- 
tion is very small. 
For greater altitudes 
the value can easily 
be calculated by find- iE 
ing the great circle 
angular distance d be- 
tween the observer 
and the geographical 
position of the moon 


(see page 437). 
Altitude = (90°-- d) 


It is an advantage, 7 
though not essential, 
(Ose ave athe ae Cross 
wires iluminated, | 
provision must be made for illuminating the point of reference 
and an electric torch or a lamp of some kind is required to 
read the theodolite scales and the watch. 

The principle involved will be easily understood from what 
has already been said in the introduction to this chapter, and 
is illustrated in Fig.324. It will be seen that if we add together 
the R.A.M.S. and the M.T.P.+ 12 hours, and then subtract the 
k.A. of the moon, we get the Hour Angle which, together with 
the Declination, gives the geographical position of the moon. 


A2I 


OBSERVER 


Fig. 324.—Hour Angle of Moon in Terms of 
R.A.M.S., M.T.P. and R.A. Moon. 
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Example. On November 12th, 1926, in Latitude 51° 38’ 12” 
N. and Longitude 0° 18’ 00” E., a watch read 17h. 26m. 34s., 
the bearing of the limb of the moon (first quarter), from a 
fixed point of reference, was 162° 57’ and the approximate 
altitude was 19°. The error of the watch was g seconds fast 
on G.M.T. It is required to find the true bearing of the point 
of reference, and hence the direction of true North. The work 
may be set out as follows : 


Date, November 12th, 1920. 


Latitude .. ee Bie Oey 5 Te OAT Seen 
Longitude... a 4; PCO BG a0 wal 
- Errorofwatch .. Ke (x. 9 Sec. fastlon (a aes 
Watch ie eo gn 26ms S45 INCOM ar (r) 
Watch fast > Oras ne (2) 
GAN and Giessen at 7 2.6 25 Nov. 12th (3) 
Long. - aj aT 12 Dee . eae 
Mi. P; iG Carel 7A DOES Aig ae BPE te 
RA Mesa Si, aL eh reed Wee 4S een (6) 
12 00 00 (7) 
44 51 5 ear ae : Sane 
R.A. Moon Ra weir 1g Ae Pe ye: ey 
Hour Angle ones 32 one re 6 Ale 
Now find the geographical position of the Moon : 
Hour Angle .. FI GE ee Flesh car re 
Diff. Long. between, : 
Moon ‘and place <vers- Osea Onna 5 ae 7 oe 
Latitude=Declination 18° 55’ 54” S. ie ~. (13) 


The azimuth of the Moon is now calculated from its geographi- 
cal position in the same way as any great circle bearing, or it 
may be taken from Burdwood’s Azimuth Tables, to the nearest 
tenth of a degree (see page 436, item 9, for similar example). 


Having found the azimuth by one of these methods, proceed 
as follows : 
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Azimuth of the Moon E78 OO: eMastioLwNe to... (14) 
Measured bearing of Limb 
of Moon from Point of 


Reference .. ey et lOe sr a7 aete (15) 
Semi-Diameter of Moon 
(corrected) a m by as (16) 
TOQ2 100 a eee, 
True bearing of Point of 
Reference Pa LO 2On hast Ol: (x8) 


Explanatory Notes on Above Example. 

(1) Write down the time by watch, and the Aare of 
observed bearing of the Moon’s limb. 

(2) Write down correction for watch. 

(3) Subtract correction if watch fast, add if slow, giving 
Greenwich Mean Time and Date. 

(4) Write down the longitude of the place converted to 
time. (See method of converting Difference of Longitude 
from degrees to time, page 406.) 

(5) For longitude East, add (4) and (3); for longitude 
West, subtract (4) from (3), giving Mean Time at Place. 

(6) From the Nautical Almanac, take out the R.A.M.S. 
correct to the nearest second. (See table of Proportional 
Parts at end of Almanac for this purpose.) 

(7) Twelve hours to be added or subtracted because 
M.T.P. is reckoned from midnight whilst the R.A.M.S. 
is a measure of the position of the sun itself. 

(8) Add (5), (6) and (7). 

(9) Take R.A. of Moon from the Nautical Almanac. 

(10) Subtract (9) from (8), giving Hour Angle. (See 
Fig. 324.) ; 

(rr) Convert Hour Angle from time to arc. (See page 
400.) 

(12) Hour Angle equals the difference of longitude 
between the place and the geographical position of the 
Moon. If greater than 180°, subtract from 360° and write 
down as longitude East of the place. 

(13) See definition on page 404. . 

(14) Write down the calculated azimuth of the Moon, 
to the nearest minute. 

(15) Write down the measured bearing of the limb of 
the Moon, from the point of reference, as read off from 
the scale of the theodolite when the telescope was in the 
position in which the observation was made. 
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(16) Take semi-diameter of Moon from Nautical 
Almanac, which is given as 16’, and multiply by the 
secant of the measured altitude : 


TO peC relay 
= 16) X917055 == 17 approx: 


(Since the measurement is only being made to the nearest 
minute, there is no need to make correction for “ Aug- 
mentation of Moon’s Semi-diameter.’’) 

(17) When Moon is south of observer, subtract semi- 
diameter during moon’s first quarter, when the “ right- 
hand ’”’ or west limb has been observed and add during 
last quarter when the “ left-hand.’’ or east limb is taken. 
When Moon is north of observer, add semi-diameter during 
first quarter and subtract during last. (It is assumed 
throughout that bearings are being measured in a positive 
direction, that is, from North through East.) 

(18) Subtract (17) from (14), adding 360° to (14) if 
necessary to give the true bearing of the point of reference, 
from which the direction of the meridian is at once obtained. 


Method V. Azimuth of a Planet. If we employ one 
of the four navigational planets, instead of the moon, the 
method is identical except that the planet has no appreciable 
disc (in a theodolite telescope) and there is only one contact 
with the cross wire. It is essential, in this case, to have 
illuminated cross wires (page 411). 

Method VI. Azimuth of a Star. The case of a star is 
just the same as a planet but the R.A. and Declinations of 
stars are changing so slowly that they are usually only tabu- 
lated in the Nautical Almanac every two months or so. 

Method VII. Azimuth of the Pole Star (Using the 
Pole Star Azimuth Table in the Nautical Almanac). Fig. 
325 shows a star map from which it will be seen that if a straight 
line be drawn through the two stars )3 and a (the “ pointers ’’) 
of Ursa Major (The Great Bear or Plough), this line passes 
close to a fairly bright star of the constellation Ursa Minor, 
and this star is Polaris. The true position of Polaris is popu- 
larly supposed to be at the Celestial North Pole, but this is not 
the case. The Polar Distance of Polaris is actually about 
I° 5’, and so it appears to move in a smail circle about the 
pole (Fig. 325). There must be two instants during each 
rotation, when Polaris is due North, namely, when it is verti- 
cally above or below the pole, and hence in the meridian of the 
observer, or the meridian + 180°, and the method whereby 
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Cassiopeia 


---}--------------- 


D* 


— Meridian of Observer = 


Ursa Minor 


ok 
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( 5 )Mizar 
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Fig. 325.—Northern Constellations and their Relation to the Pole Star. 
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this may be used to find the direction of North is described 
on page 432. In the Nautical Almanac, however, there is a 
table giving the azimuth of Polaris, to the nearest tenth of a 
degree, for each hour of Local Sidereal Time and this forms 
a shorter method than the previous two for finding the direc- 
tion of the meridian. 


Example. On November 25th, 1926, in Latitude 51°07’ 30” 
N. and Longitude 3° or’ 15” W., a watch read o2h. 15m. 17s. 
and the bearing of the Pole Star from a fixed point of reference 
was 4°13’. (Star east of the point of reference.) It is required 
to find Local Sidereal Time and the Azimuth of Polaris and 
hence the direction of True North. Error of watch, 1g sec. 
fast on G.M.T. The work may be set out as follows : 


Date, November 25th, 19206. 


Vatitudesn. ie a pte le Ome 
Longitude. . ig +8 Foe SOT OAT 5 aya 
Error of Watch .. ii .- 19 sec. fast on’ G]Mae 
Watch Se .. o2h. 15m. 17s. Nov. 25th (x) 
Watch fast .. S TOs ie (2) 
GM-T. and GD. ©.- 302° 214= 58° Nove 25th (3) 
Long: a8 af mx: Tze Oh NV ee (4) 
Mess s dig ROD. iO Dit ony le (5) 
R.A.M.S. * Jee LOS Ut leer yas (6) 
IDs, Une 5O |e (7) 
12 waeOO OO (8) 
Loc. sidialime pc OOP AN ELE Ma Oe) ee: Ay ea (es 
Azimuth of Polaris .. I'6° West. of Noi Gas 
Azimuth of Polaris .. 358° 24’ -E. of N; Pa (ce 
Measured Bearing of 
Polaris from Point 
of Reference i fe ak noes 
True Bearing of Point | 
of Reference - CG bee a Ga ee fr ip ALN 


Explanatory Notes on Above Example. ¢ 


(r) Write down the time by watch, and the date, of 
the observed bearing of Polaris. 
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Items (2) to (6). the same as corresponding items on 
page 423. 

(7) Add (5) to (6). 

(8) Twelve hours to be added or subtracted because 
M.T.P. is reckoned from midnight, whilst R.A.M.S. is a 
measure of the position of the sun itself. 

(9) Subtract 12 hours (in this case) giving Local Sidereal 
Time. 

(10) Take from Nautical Almanac, Azimuth of Polaris 
for the given Local Sidereal Time and Latitude. 

(rr) Write down the value from the tables in degrees 
and minutes East of North. 

(12) Write down the measured bearing of Polaris, from 
the point of reference, as read off from the horizontal 
scale of the theodolite when the telescope was in the 
position in which the observation was made. 

(13) Subtract (12) from (11), adding 360° to (x1) if 
necessary, giving the true bearing of the point of reference 
from which the direction of the meridian can at once be 
found. 

Method VIII. Sun’s Meridian Passage. Inthis method, 
it is first necessary to calculate the G.M.T. corresponding to 
the instant of apparent noon at the place, and the way to do 
this will be found in the example which follows. Shortly 
before noon, the theodolite is carefully levelled, the sun-head 
fitted and the telescope directed to the sun. The position 
of the sun is then followed by the observer who slowly rotates 
the telescope horizontally until the assistant gives the signal 
for apparent noon. At this instant, the observer ceases to 
move the telescope, which is therefore now in the vertical 
plane of the meridian. 

Since, however, it is difficult to estimate when the vertical 
cross wire exactly bisects the sun’s disc, it is preferable to make 
allowance for the semi-diameter of the sun and to observe 
one limb. If this be done, then after the signal for noon and 
after writing down the scale reading, the telescope must. be 
moved forward or backward, as required, through an angle 
equal to the semi-diameter, the value of which will be found 
in the Nautical Almanac. Immediately this correction has 
been made, a stake should be driven in to mark the direction 
of the meridian (page 414). The correction for the sun’s alti- 
tude is applied to the tabulated semi-diameter in the same way 
as described in the case of the moon in item 16, page 424. 

On page 413 is described a method of observing the meridian 
passage without the use of a theodolite. 
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Example. Suppose a D.F. station has been erected on 
Robben Island (Table Bay) in Longitude 18° 21’ 00” E. and 
that on February 15th, 1926, it 1s required to find the time of 
apparent noon at that place in terms of G.M.T. The watch 
is nominally reading South African Union Time, which is 
2 hours fast on G.M.T. but has an error which makes it 
2h. 3m. 17s. fast on G.M.T. The work may be set out as 
follows : 

Date, February 15th, 1926. 


Longitude... y Se DYMO. 2 Ts ORs 
Error of Watch .. ie .:. 2h.-3m..178:\fast on Ge wieee 
ACP ten Mi o.0 12h,e00m..008. Heb. 15th (x) 
Ligier t; eh CLS We gen at (2) 
G.A.T. and Date He TO FAVAOat AOR heb: aie 2 ee 
Hoey. Tei Maer Ok: ae yt 
GEN ils A Cotes sPOD TMS She (5) 
CTO OE 3s aie Oy (6) 
Coq.) OUMtp Le (7) 


Explanatory Notes on Above Example. 

(1) Write down the Apparent Time which it is required 
to convert to G.M.T. 

(2) Write down the longitude of the place converted to 
time. (See method of converting Difference of Longitude 
from degrees to time, page 406.) 

(3) For longitude West of Greenwich, add (1) and (2) ; 
for longitude East, subtract (2) from (1), giving Greenwich 
Apparent Time and Date. 

(4) Take from the Nautical Almanac, the Equation of 
Time for the Greenwich Date and Apparent Time. 

(5) Add or subtract the Eq. T. according to sign, giving 
G.M.T. 

(6) Write down the error of the watch. 

(7) Add (6) and (5) if watch fast on G.M.T.; subtract 
(6) from (5) if slow, giving time by watch corresponding 
to apparent noon. 

Method IX. Meridian Passage of a Star. The advan- 
tage of employing the sun for observations of meridian passage 
is that one is able to work under rather better conditions 
than at night, but the method necessitates a clear sky at noon 
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and if any slip be made or a check reading required, a delay 
of 24 hours ensues. It is thus desirable to be in a position to 
calculate the time of meridian passage of any of the stars, 
the Right Ascension of which is tabulated in the Nautical 
Almanac. 

Now, at the instant of meridian passage of a star, the R.A. 
of the star must be the same as that of the meridian of the 
observer. But it was seen on page 421 that: 


R.A. Meridian (or Star) = M.T.P. + R.A.M.S. + 12 Hours. 
Or: Ni sPare= KAS Star = KR AUMS2 2 r2 Hours: 


It is therefore only necessary to take out the R.A. of the 
star from the Almanac, subtract the R.A.M.S., make allowance 
for the longitude of the place converted to time, add or subtract 
12 hours and the result is the G.M.T. of transit. 

Since the R.A. of the stars varies only very slightly, it is not 
tabulated every month. On the other hand, the R.A.M.S. 
is changing at the rate of some minutes per day, and as the 
G.M.T. of transit is not known, it is impossible to choose the 
appropriate R.A.M.S. A preliminary calculation is therefore 
made, using the R.A.M.S. for Greenwich Noon, and this gives an 
approximate value for Greenwich Date for which the R.A.M.S. 
can be taken out again and a final calculation made which 
will give .a more accurate G.M.T. of transit. 

Circumpolar Stars. Superior and Inferior Transits. 
Unless the observer be near the equator, there will always 
be a number of more important stars which are called Cir- 
cumpolar in that they do not “ set’”’ but appear to take a 
circular path round the celestial pole. In Fig. 325 the con- 
stellations of Ursa Major, Ursa Minor and Cassiopeia are cir- 
cumpolar, and choosing any one star, say Alioth in ‘‘ The 
Great Bear,” this star will follow the path indicated and will 
be visible both at the Superior Transit when it crosses the 
meridian of the observer, and also at its Inferior Transit 
(as illustrated) when it crosses the meridian 180° distant. 
Which transit is visible depends, of course, upon the time 
of year; for instance, at Greenwich, the superior transit 
of Alioth takes place in daylight during the late autumn and 
winter. 

The example worked out below is for the inferior transit 
of a star, and the reader should be careful to distinguish 
between this and the superior one which will take place half a 
sidereal day (1th. 58m. 02s.) earlier or later. When working 
out the time of inferior transit, a 12 hour correction is applied 
for the 180° difference of longitude between the meridian of the 
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star and that of the observer, and the appropriate R.A.M.S. 
is used corresponding to the time of inferior transit. 

Example. In Longitude 0° 18’ 00” E., on November 24th, 
1926, it is required to find the time of inferior meridian 
passage of Alioth (« Ursee Majoris) in order to ascertain the 
direction of true North. The work may be set out as follows : 


Longitude 

R.A. Alioth .. 

R.A.M.S. (G.M. Noon) 16 
20 
12 
32 
IZ 


G.M.T. & G.D. (approx.) 20 


REA Atiothe Oe ire 
R.A.MS. (for G.D.) .. 16 


20 


IO 


40 


OO. 


40 
I 


38 


38 
OL 


oi 


12h. 50m. 46°2s. 


44°6 
Or'6 
(ele) 


O16 
IZ 


49°6 


24°5 


Date, November 24th, 1926. 


0° I8' “0078 


ee 


Nov. 24th 


Explanatory Notes on Above Example. 
(r) Write down the R.A. of the star from the Nautical 


Almanac. 


(2) Write down the R.A.M.S: for Greenwich Noon, 


November 24th. 


(3) Subtract (2) from (1), adding 24 hours if necessary. 
(4) Twelve hours to be added or subtracted since 
M.T.P. is reckoned from midnight whilst the R.A.M.S. 
is a measure of the position of the sun itself. 


(5) Add 12 hours, giving approximate Mzisk? 


superior transit. 


of 


(6) Write down the longitude of the place + 180°, 
converted to time. (See method of converting Difference 
of Longitude from degrees to time, page 400.) 
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(7) For longitude East, subtract (6) from (5); for 
longitude West, add (6) and (5) giving approximate G.D. 
of «fervor transit. 

(8) Write down R.A. of star. 

(9) With G.D. take out corrected value of R.A.M.S., 

- to nearest second. (See tables of Proportional Parts at 
end of Almanac for this purpose.) 

(10) to (14) same as (3) to (7) above. 


The G.M.T. of inferior meridian passage of Alioth on 
November 24th, was therefore 20h. 37m. 24'5s. 


_ Method X. Meridian Passage of a Star from Mean 

of Two Elongations. When following the path of a circum- 
polar star about the pole, the angular distances which sit 
appears to travel to the east and west of the celestial pole 
are called the Elongations. If the bearings of the star be 
measured when at its extreme east and west elongation on the 
same night, the mean of the readings is the bearing of the 
meridian. The elongations of Polaris are marked E,E in Fig. 
325. This is a tedious method at any time, and is useless 
in the summer since one elongation, at least, will take place in 
daylight. 

A modification of this method is the measurement of the 
east and west elongation at any given altitude, instead of at 
the altitude of the pole, the mean of the two elongations on 
the same night again being the direction of the meridian. 
Two such points are shown for Dubhe at ¢e in Fig. 325, but 
owing to the slow change in altitude when the star is near the 
meridian the method is not to be recommended. 


' Method XI. Meridian Passage of a Planet. The 
Right Ascensions for the four navigational planets, Venus, 
Mars, Jupiter and Saturn are tabulated in the Nautical Almanac 
and the transits of these bodies may be observed if required, 
in order to find the direction of true North. Unlike the case 
of the stars, the R.A. are changing rapidly, and corrections 
must be made to the R.A. as well as to the R.A.M.S. for the 
G.M.T. of transit. The approximate time of meridian passage 
at Greenwich is, however, tabulated in the Nautical Almanac 
so that a figure can be obtained for the approximate time of 
local meridian passage and proper corrections applied without 
the necessity for preliminary calculation. In other respects 
the method is identical with that of the stars. 


Method XII. Meridian Passage of the Moon. The 
Right Ascension of the Moon and also the approximate time of 
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Greenwich Meridian Passage are tabulated in the Nautical 
Almanac, enabling the local time of transit to be calculated 
exactly as in the case of the planets. Owing to the size of the 
moon’s disc, it is necessary to observe one limb and to make 
an allowance for the semi-diameter multiplied by sec. altitude. 
(See items 16 and 17, page 424.) 

Method XIII. Meridian Passage of the Pole Star. 
From the star map of Fig. 325, and from what has been said on 
page 429 regarding circumpolar stars, it will be seen that the 
constellations Ursa Major, Ursa Minor and Cassiopeia all 
appear to move round the celestial pole once in each sidereal 
day and a method of finding when Polaris is due North of the 
observer is as follows. As the star Mizar (§ Ursz Mayjoris) 
appears to move to a position vertically under Polaris, take a 
sight on these two stars, say with a plumb line (see page 413), 
note the exact time and write it down. Fourteen minutes 
later, Polaris will be due North. 

This is the superior transit of the Pole Star since it is above 
the pole but the same will, of course, be true at the inferior 
transit, 12 sidereal hours later, when Polaris is below and Mizar 
above the pole. 

The advantage of the method is its extreme simplicity. 
No calculation is required, and an error of two minutes of time 
in judging when Mizar and Polaris are in a vertical plane, 
produces an azimuthal error of only one minute of arc in the 
bearing of Polaris. The disadvantages, however, are fairly 
obvious. Since the sidereal day is about four minutes shorter 
than the solar day, the solar time at which Polaris is on the 
meridian of the place will alter by this amount each day and 
for several months in the vear, both transits will take place 
in daylight. In certain latitudes, also, Mizar will be near the 
zenith at the inferior transit of Polaris, and so cannot easily. 
be observed, but in these cases the star 6 Cassiopeiae can be 
used instead. Jn Fig. 325 this star is seen to be almost dia- 
metrically opposite Mizar, with reference to the pole. If, then, 
the time be noted when Polaris and 6 Cassiopeiae are in a 
vertical plane, Polaris will be due North after an interval of 
fifteen minutes. 


METHODS OF FINDING THE DIRECTION OF THE 
SHIP’S HEAD 


Since all the bearings taken on a ship D.F. are relative to 
the fore and aft line, it becomes necessary to find the direc- 
tion of the ship’s head before these relative bearings can be 
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converted to true bearings, and this applies equally to bear- 
ings taken during calibrating or navigating. The following 
instructions on the subject may be of use to wireless engineers 
making ship D.F. trials, although in some cases a navigating 
officer on board may volunteer to perform this part of the work, 
an offer which should be encouraged in Cases III. and IV. 
below. 

Case I. When the Ship is alongside a Quay in any 
place where reliable Maps are obtainable. The line 
representing the quayside is found on the map, and its 
bearing from North measured with a protractor, observing 
the precautions already stated (page 189), regarding the 
direction of the meridians on an Ordnance Survey. This 
bearing will be that of the ship’s head, except in the compara- 
tively rare case when she is not parallel to the quay, a point 
which may be settled by inspection. 

Case II. When the Ship is not alongside a Quay, or 
when for some reason her position only and not the 
direction of her head can be found from the Map. In 
this case the bearing of the ship’s head may sometimes be 
found by applying the necessary corrections to the reading of 
the magnetic compass, as described below. 

_ The Magnetic Compass. The needle, or system of needles, 

in the magnetic compass, when unaffected by local attraction, 
takes up a position along the Magnetic Meridian and the 
North-seeking end points in a direction known as Magnetic 
North at that place. 

Magnetic Variation. The direction of Magnetic North at 
any place differs from the direction of True North at that 
place by an angle called the magnetic variation. The variation 
is different at different places and is called East or West, 
according as the Magnetic North lies East or West of the 
True North. The variation at any place differs from year to 
year, but its value can be ascertained by reference to an 
Admiralty chart. 

_ Deviation. Owing to local attraction, due to the magnetism 
of the iron and steel of which the ship is constructed, the 
compass needle may not be in the direction of Magnetic North, 
but to the East or West of it. This angle between the needle 
and the Magnetic Meridian is known as deviation, and is 
termed East or West according as the North-seeking end of 
the needle lies East or West of the Magnetic Meridian. The 
deviation is different for different positions of the ship’s head. 

Total Compass Error. The total compass error therefore 
equals the variation plus or minus the deviation, and before 
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we can obtain true directions from the magnetic compass we 
must know the value of the variation at the place and the 
deviation for the position of the ship’s head. 

If the ship be several miles away from docks, etc., and from 
other ships the necessary corrections may be made in the 
following manner. 

Ascertain the variation at the place from an Admiralty 
chart, and the deviation for the position of the ship’s head 
from the deviation table, which generally will be found hung 
up near the compass to which it refers. Call Easterly deviations 
and variations Positive and Westerly deviations and variations 
Negative, and convert the compass bearing of the ship’s head 
into degrees, as shown below :‘ | 


Bearings from Example. 
Natori No change .. hf N39E 39° 
Oy ean Subtract from 180° .. S24E 156° 
Spl OWS te Add to 180° .. A S53W > s- 233 
W fe oe, Subtract from 360° .. Ni7vW 3343 


then the algebraic sum of the compass reading, deviation 
and variation will give the true bearing of the ship’s head. 
Example. 

Ship’s head by compass .. S36°E (180°—36°).. 144° 


Variation from chart 7. 19°W (Negative). 7a 
Deviation, from fable-teae 2°E (P6SitiVvela es 2° 
‘ Ship’s head true’... 2 ‘ ap to) 
Example. 
Ship’s head by compass .. N18°W = (360°—18°).. 342° 
Variation .. ie ug EQ ws 3 aes 405 
. Deviation .. Pa pe ia XA Sos ee a 
3032" 
360° 


Ship’s head true 34° 


Generally speaking, however, it will be found that, owing to 
the proximity of cranes, warehouses, other ships, etc., the deyia- 
tion table is unreliable, and then either of the two following 
methods must be adopted for finding the total compass error. 


Case III. Same as II, but where Compass Error is 
Unknown. Two alternative methods are available, both of 
which involve the use of the azimuth mirror. 

Method I. Obtain a reliable map, on a scale not less than 
6” = 1 mile, of the port in which the ship is lying and the 
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loan of an azimuth mirror from the chief or navigating officer 
of the ship. Place the azimuth mirror carefully on the bowl 
of the standard compass and turn the prism by means of the 
milled head until the arrow is pointing upwards. Rotate 
the instrument until the pointer, which is seen over the 
compass card graduation, points to some distant prominent 
object ashore. Now, on looking down through the prism 
and slightly adjusting it the object will be seen reflected down 
on to the compass card. The azimuth mirror should then be - 
moved round gently until the object and the pointer are 
seen together, and the coincident compass card graduation 
read off. Care must be taken not to touch the compass bowl 
or the azimuth mirror at the instant of taking the bearing ; 
that the compass bowl is horizontal: that the compass card 
is quite steady and not swinging owing to the movement of 
cranes, etc., in its vicinity, and that the object is exactly 
coincident with the pointer. 

Bearings of three or four such objects in different directions 
should be obtained and the results carefully noted. The 
position of the ship must then be fixed and the various objects 
of which bearings have been taken identified on the map. 
Pencil lines should be drawn on the map through the positions 
of the different objects ashore and the position of the ship. 
Another line should be drawn to represent the meridian 
through the ship, and from this line the bearings of the various 
objects may be measured with a protractor. The results 
may conveniently be tabulated as in the following example : 


Example. Belfast, January 18th, 1926. 


Ship’s position a. hatitude +54°'36" 307 -N, 
Longitude 5° 55’ 00” W. 
Ship’s head by compass Pp ouNS 7B =a57, 
Object. Boanac: tag a Difference. 
Albert clock AS 5 Q W230: BIBS — 21° 
City Hall .. Se 5A ON aeons 2137 —21° 
Midland Railway | | 
Station” * 0 N34°°-W==326° 3044° — 214° 
B.M. Cave Hill .. N 5° W==355° 334° --21° 
120-ton crane I Ngod Hazgs" 58° —2I¢° 
Mean difference | a — 21° 


Therefore, total compass error (i.¢., variation + deviation) = 
—21° and ship’s head true=(57° —21°)=36°. 
Method II. To Find Compass Error from the Sun’s 
Azimuth, using an azimuth mirror and Burdwood’s Tables. 
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When the deviation and variation of the magnetic compass 
are both unknown, the total compass error may be found 
by comparing the sun’s bearing by compass, and the sun's 
true bearing or azimuth, the operations being exactly analogous 
to those described in Method III for finding the direction 
of true North on a shore station. If the sun be visible and 
his altitude be not greater than 38°, the compass bearing may 
be obtained by means of the azimuth mirror (see page 435), 
noting the time by chronometer. 

Example. Suppose that in latitude 54° 36’ North and 
longitude 5° 55’ West on January 18th, 1926, the compass 
bearing of the centre of the sun’s disc was 533°E. at gh. 36m. 
a.m. by chronometer. The error of the chronometer was 
29m. 20s. slow on G.M.T. It is required to find the total 
compass error, and hence the true bearing of the ship's head. 
The work may be set out as follows : 


Date, January 18th, 1926. 


Latitude 7 as . q 54° 30> OO give 
Longitude oe we oe 2. re 5° 55’ oo" W. 
Error of chronometer. . Ae fe 1. 20M, 20S alam 
Chronometer sp ogh. 36m. OS.5,f. 7 9) 
Slow ae ee O 29 20: Larne ee (2) 
GsMeTy andily. Ds IO 5 2.0, t7n| aie Lata (3) 
Long. A a , 23 40>... at (4) 
1d BG eR gees Me 10 29 OO Wee ie (5) 
Healy, se & — 10 a eee i (6) 
Daten terns i 10 18 38 (7) 
Declination ‘i 20~ 39’ OG “sae (8) 
Azimuth of sun .. A 155'6° (9) 
Bearing of sun by compass =170°5° .. a a (10) 
Total compass error 21°W. (approx.) or — 21° (Ii) 


Explanatory Notes on above Example. 

(1) to (7) See same items in example on page 420. 

(8) Take from Nautical Almanac the Declination for 
the G.M.T. and G.D. 

(9) In Burdwocd’s Tables find the pages corresponding 
to latitude 54° and contvary name (because latitude 1s 
North and declination South). The A.T.P. will be found_ 
on the left, and the correct azimuth is taken out from under 
the declination, which is to be found at the head of each 
column. Interpolate where necessary. 

(10) Write down observed bearing of sun by compass, 
converting to degrees East of North. 
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(11) Subtract (xo) from (9), expressing the total compass 
error in degrees East of North, either positive or negative 
error, 

Case IV. Ship at Anchor (or Moored). Under these 
conditions the ship will almost invariably be swinging, and it 
will therefore be necessary to station someone at the standard 
compass to note the reading every time a D.F. bearing is taken, 
the necessary communication between the wireless office and 
the bridge being effected in the same way as when operating the . 
D.F. at sea. This, of course, is dependent upon the compass 
error being known. 

If the ship is in such a position that the compass is still under 
the influence of cranes, etc., the position of the ship must be 
found by horizontal sextant angles or by some other means, and 
the compass error determined by one of the foregoing methods. 


To Calculate the True Bearing and Great Circle 
Distance (Azimuth and Zenith Distance). 


D DIFFERENCE 


Fig. 326.—Great Circle Angle and Distance by Calculation. 


In Fig. 326, if A and B are two places on the earth’s surface, the 
latitudes and longitudes of which are known, the angles at A and 
B and the distance between the places can be found as follows : 


may 
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le lA D 
COSre COL = 
tan BA _ ci 2 
. Bea te 
) sin —, 
mete sin Ede cot 5 
tan ooh ee 
2 cae lb . ix 


where: B is the place of greater latitude, 7.¢., nearer the pole. 
D is the difference of longitude between A and B. 
/, is the latitude of A, and 
1, is the latitude of B 
B+ A B 7A 


These equations give the values o Tapse and mr 
from which we get 
B+A , B—A _ B+A B—A _ 
ay eee The cc CD Mi brassy) 
When A and B are on opposite sides of the equator as in 
Fig. 326 (6) J, must be written negative. For instance, if 
B is in latitude 50°N. whilst A is in 15°S., then : 


sea: ue ee a a eGo), ae 17° 30’ 
2 
me ne BS Oteg ee 1p) Utes ae 2 — 32° 30/ 


2 2 

If A and B are so far South that /, + /, is negative, or 
when both places are in the southern hemisphere as in Fig. 
326 (c), it is simpler to call B the place of greater South lati- 
tude, and to use the above method for giving the bearings from 
true South and to convert the results afterwards to bearings 
east of North. 
B+A lp — la 

= tau 


sin 4 > 


zie . B-—A 
sin > 
gives the value of d, the zenith angular distance (page 408) 
in degrees between A and B, and this may be converted to 
linear distance as follows : | 
d (degrees) X 111:136 = KILOMETRES. 
x 69:057 = STATUTE, MILES. 
x 60-000 = NAUTICAL MILES. 
When multiplying, the minutes and seconds of arc must be 
expressed in fractions or decimals of adegree. If, for instance, 
d = 78° 43’ 21”, this must be written as 78-7225 degrees. 
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Example. Find the Great Circle Bearing and Distance in 
statute miles of Perth (Western Australia), Long.115° 52’ 45” E. 
Lat. 31° 57’ 30” S. from London, Long. 0° 5’ 45” W. Lat. 


51° 30’ 30” N. 


LONGITUDE. LATITUDE. 
Perth Lin wos 0450.5. ‘ 31° 57/530 .5 d. 
London OSS 045 LW: BI. 08 30 o De ls 
Die | II15° 58’ 30” 19° 33’ 00” (n+l. 
| S3r?28°'007 (2,—l, 
| | 
° , wu l, d, ° , | Ls, ds ° , uw 
y = 57° 59’ 15 | + = 9° 46’ 30” | 2 "* = 41° 44’-00 
lL, — dy 
L cos 3 9°872885 
D 
B + A == 70°.0"° 10" Add. L cote — 9°796000 
9°668885 — 
._ b+, 
Subtract L sin - 9'2290885 
L tan Pi ae 0°439000 
ig Ly ee b, . 
L sin —=2— ~ 95323255 
2 
Add L cot oe 9°790000 
2 
B—A at hg Deora : 
=22° 53° 45” | eae) 9°619255 
| Subtract L cos a “ 9'993649 
L tan see 9'625006 
* Pata 
L sin = 9°972997 
Add U tan 5 *. 9'950370 
pa Ae 26h 9°923307 
2 A Ny eho 
Subtract L sin - ar 9°590013 
dy Se 730° ‘12! L tan . 0°333354 
BAe Roe Pa ee Oke “Bearing of Perth 
are = B = 92° 54’ East of North = “; 0 London 
B + A pl. ae Be wes A sd An 6’ 30” 


Linear Distance 
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To Plot a Great Circle on a Mercator’s Chart. In 
Chapter 6, on page 180 et seg., when comparing the properties 
of the Mercator’s and gnomonic charts, reference was made to 
a method of calculating the intersection of the great circle 
between any two points, with the intervening meridians, 
thereby enabling the great circle track to be plotted on a Mer- 
cator’s or any other chart. The great circle which was taken 
as an example in Chapter 6, was between the points A 25° N., 
15° W., and B 45° N., 15° E., and the method of finding the 
intersections of this great circle with the meridians 10° W., 
5° W., prime meridian, 5° E., and 10° E., is given below as an 
example of the method. 

In Fig. 327 ABV is the great circle and V is the vertex or 
point of greatest lati- 
tude, which may or 


VERTEX OR 


HIGHEST LATITUDE 
OF GREAT CIRCLE 


——— 
~~ 


= 
-~ 
- 
- 
we. 
- 


Fig. 327.—Calculation of Intersection of Great 
Circle AB with Meridians in order to Plot Great 
Circle on Mercator’s Chart. 


been described in the previous problem, 


may not lie between 
Atand B.<a.in ue 
example it lies to the 
eastward of B. The 


points Ax, Az, etc., 


are the required in- 
tersections with 
meridians. 

It is necessary first 
to solve the triangle 
APB, in order to find 
the values of the 
angles at A and B. 
This process has 
and when applied to 


this example gives A = 42° 47’ and B = 60° 31’ 30”. 
The latitude of V must next be found as follows : 


In the spherical triangle APV, 


tan P = cot Acosec J, where 1, = lat. of A 


cos/y = sin Acosl, 


Solving these equations, we have : 


where Jy = lat. of V. 


Angle A=42° 47’ ... log cot A 10°03364.. log sin A 9°83202 
l4=25 N. .. log cosec ly 10°37405 .. log cos l4 9°95728 


Add 


.. log tan P 10°407609 .. 


og cos ly 9789307 


whence P "08°. 38" 4and: 7, =="52-Ne 
Now find the longitude of V. The angle VPA = 68° 38’, and 


since the longitude of A is 15° W., 
= 53 38° E. 
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The latitudes of intersection of any meridian A:, Az, etc., 
can now be found by solving the triangles PVA,, PVAz, etc., 
in which we have | 

cone =COt -lpy'sec-V PA:s etc. sete): 


and this is most simply done by tabulating the work as shown 
below. 

The angles VPA:, VPAz, etc., may be written down, 
remembering that the longitude of V is 53° 38’ E., thus : 

Angle VPA corresponding to meridian 10° W. is 53° 38’ + 10° 
= 63° 38’, and so on. 


| Meridians ie Sa OLA | oe Ws On oe 10-7 
VPA, mcs ee, 63° 38° | 58° 38’ | 53° 38’ | 48° 38” | 43° 38’ 
log COLL (529) 0% Palen: 89281 9°89281 9 89281] 9° 89281 gecest 


log sec VPA, es etc | 10°35251) 10'28357 10° besee 10° 17988] 10° cae 


og. ace lay, ae éto, as _ | 1024532 1017638 IO°11979 16'07269 10°03321 


iatiendes Giga Sale etc. | 20 aroha | 38 240 18 37cel 2 LAO FTA AZo 408 


To Draw a Gnomonic Chart (Graticule).—In Chapters 6 
and 7, the characteristics and uses of the gnomonic chart have 
been described, and on page 175 a Series of gnomonic graticules 
were shown, simplified diagrams of two of these being illus- 
trated in Fig. 183. and Fig. 204. For the purpose of demonstrat- 
ing the construction of such a graticule, it is proposed to re- 
produce all the essential features in the preparation of “‘ Chart 
Ff” (Fig. 183), of the above-mentioned series. 

The particulars of the chart are as follows : 


Northern limit of latitude .. as ag 62° 30° 
Southern limit of latitude .. af ; 47. DSO 
Scale of Chart . 25 naut. miles. = rin. 


Point of contact at thie adie of the sheet. 


The chart thus includes 15 degrees of latitude and with a 
scale of 25 nautical miles to the inch, the size of the sheet 


B00 


required will be = 36 inches (approx.), so that a 


sheet 40 inches by 40 inches will leave a suitable margin. 

A mathematical analysis of the gnomonic projection will 
be found in the Admiralty Manual of Navigation (121), but the 
requisite information is contained in a set of formule,* which 


* Reproduced by kind permission of the Lords Commissioners of the Ad- 
miralty, Whitehall, London. 
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are numbered 1 to 7 in the ensuing instructions, and in which 
the following symbols are used : 


Point of Contact. 

Latitude of Point of Contact. 

Latitude of bottom of chart. 

Latitude of top of chart. 

Difference of longitude between Point of Contact and 
any given meridian. 

Radius of the Earth, reduced to scale of chart. 

Point of intersection of a’ 6’ by line through C 
perpendicular to a’ 0’. 

Latitude of C’. 

Latitude of parallel through the points d, @’, d", etc. 


Fig. 328.—Construction of a Gnomonic Graticule. 


It should be noted that although the preparation of the 
data and the instructions for drawing the chart are dealt with 
together in the following notes, the whole of the calculations 
may actually be made before any drawing is done, and the 
advantages of this plan are mentioned later (page 447). 

The line a b is first drawn to represent the meridian of the 
point of contact and in the case under consideration this will 
be at the centre of the sheet, as shown diagrammatically 


in Fig. 328. 
The length of line a d is given by :— - 
ab = Rtan (i, —ZJc) + tan leo —le) . - - « OE 
and the point C must be chosen such that :— 
i Pe eee veoaira ; , 2 


C a=  R tan (lo — éa) 
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In the present case, since the point of contact is at the 
centre of the sheet, the line a 0 is bisected at C and the length 
a 0 is therefore given by :—- 

“a0 es SR tate gy 630. 
The radius of the earth (20,890, 550 feet), reduced to the scale 


of the chart is given by Radius in teet =, 20890550 


Scale in feet per inch 25xX6080 
and the remainder of the working, using logarithms, is set out 
below without further comment :— 


log. 20890550 .. iN aa 7°319948 
IOS 25 it rg He: ies I° 397940 
log. 6080 = i, be 3°783904 

5°181844 
lose: be a oF 2138104 

To find ab :— 

IOS ait ae ade oP L67805L030 
OPS ANS) cae : ne S 2°138104 
log. tan. 7° 30" Ay Ms 9° 119429 
log. ab. x i 1°558563 


20 29267188 inches. 


Through a and 0, draw PO andM N, at right angles to a d. 

The distances a a’, a a”, etc., and the corresponding values 
of 6 b’, b 6”, etc., must next be found in order to draw the 
meridians, but before beginning on this it is necessary to decide 
upon a value for the difference of longitude between successive 
meridians drawn on the chart. This will depend solely on 
the accuracy desired, the closer the meridians are together, 
the greater the number of points available for plotting the 
curves representing the parallels of latitude. For instance, 
at the latitude of the point of contact, that is to say 55° N., 
a degree of longitude is 60 x cos. 55° = 342 nautical miles 


in length, which is ile = Ts47;meheson the chart; .*The 


spacing can therefore be taken as 30 minutes, which will 
give o'7 inches between meridians at the centre of the chart 
and not more than about an inch at the lower margin. 

The distances a a’, aa”, etc., and 0 b’, 6 6”, etc., are found 
from the following :— 


wiv Ik Cos rausec. (ler la) tan Gite) oo Sg ks 
66’ =([R cost, sec(d4ps —/c )jtanG. . ..... 4 
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The factor contained in the square bracket, by which tan G 
has to be multiplied, is seen to be a constant quantity in each 
of the above expressions, and it will simplify the working out 
of the values of a a’ and 0 0b’ for the various values of G, if 
we find the logarithm of the quantity in the square bracket, 
in each case, and add this to log. tan G., the work being set 
out in tabular form as in Table I. 


Thus, a4 a’ = R cos 47° 30’ sec. 77 30! tan G. 


log Shes . 2'138104 
log. cos 47° 30’ ee oe 9°829683 
log. sec, 7° 30° . Moa LO'OO 8 7am 
Log of expression in bracket. ~I°971518 
(See Table I, Col.3°) 
and 6 b’ = Ros 62° 30’ sec. 7° 30’ tan G. 
loo aks Ke es os 2°138104 
log. cos 62° 30’ os he 9'664406 


log. sec. 7° 30’ ae ett O00387eE 
Log of expression in bracket. I°806241 
(See Table I, Col. 5.) 


LABE Dat 
[ 2 3 4 5 6 
/ Antilog Antilog 
bai COL. 2 Col. 3 Col. 2 Col. 5 
G LogtanG §+1°971518 | =aa’in | 4+1°806241| =00’in 
inches inches 
O° 30’ 7940858  9°912376 0°8173 9°747099 0°559 
‘pene yey 8°241921 | 0213439 1'634 0'048162 Iisg 
| 11° 007 9°288652 | 1°260170 18'204 1'094893 12°442 
16° 00” | 9'457496 | — — 1263737 |  18°354 


The values in columns 4 and 6 will now enable the distances 
aa',aa”, etc., and bb’, bb”, etc., to be scaled off along the 
lines M N, P Q, and the meridians a’ 0’, a’’ b"’, etc., drawn. 

The length, in inches, of C d, along the centre meridian, 
in which d is the point of intersection on a b of a parallel of 
latitude, /Z,, is found from :— 

Cd Ritan 1 ie) 8 kas oe 

The work may again be tabulated as in Table II, parallels 
being taken every 30 minutes of arc, as in the case of meridians. 
ie constant quantity 2°138104, in Col. 4, is the logarithm 
of R. | 


= 
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TABLES II: 
T 2 3 4 5 
| : Log tan Col.3 Ca in 
| ly l,— Ie (—!le) + 2°138104 inches 
62° 30° 7. 30° 9°119429 1°257533 18094 
62° 00’ 7° 00’ "089144 "227248 16°874 
G1 30" 6° 307 "050659 "194763 15°66 


Perpendiculars must next be dropped from the point € on 


to all the meridians, intersecting them at the points c’, c”, 


etc. It should be noted that these points c’, c’’, etc., do not 
ile on the same parallel, and the actual latitudes of these 
points are next found from :— 
Re ear ee coC eran nt ANS Pee erat Poke G 
Table III, below, shows the work set out in columns 1 to 4, 
the constant which is added in column 3 being the value of 
log. tan. Jc = log. tan 55° = 10°154733. 

(The last two columns contain data which is required later 
but which may very conveniently be tabulated at this stage. 
The constant which is added in column 6 is explained 
below.) 


AB iat. 
I 2 3 4 5 6 
Log. sec. Col. 2 Log. sin. Cols 
G G + 10°154733 Li’ bf + 2°224740 
o- 230% | IO°OOO0I7 | 10°154790 | 55°00’ 06" | 9°913370 2°138110 
1° 00’ *000066 "E54930-11)) 55700075" "913387 "138127 || 
jim Fae "0001 49 "154922 | 55°00’ 30” "913409 "138149 


The final problem consists in calculating, from the follow- 
ing -— 

Ole en cOseG ir Siti antale (ie ie, Joe eel! SS, AEP 
the distance-in inches from the point C’, of the intersections 
of all the parallels. This must be done for each meridian, 
but it will be seen that the factor in the square bracket is a 
constant quantity for any given meridian and this series 
of constants are the values found in column 6 of Table IIT 
above. 
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Thus Table III, column 5 gives the value of log. sin. /,’ for 
varying values of latitude and in column 6 is added to this 
a constant equal to :— 


log. R “ 2°138104 
log. cosec, i 10°086636 
2°224740 


A set of tables must now be made for successive values of 
G (that is, difference of longitude from the meridian of the 
point of contact). From the symmetry of the present chart, 
it will only be necessary to make calculations for one half 
of the sheet. Starting with a value of G = 0° 30’, we get :— 


TABLE IV. 
Gi '07°36" 
I 2 3 4 z 
Log. tan. Col. 3 Antilog. Col. 4 
y (beet?) G4.) +2°1381I0 = Grads 
62° 30° 7 29 54" 9'119332 1257442 18°09 
62° 00’ GoVR Oo ada ‘089039 ‘228149 16°87 
Gl. 130 6°20), 544 "056546 "194656 15°656 
TABLESy: 
GieeT = 00: 
I 2 3 ae 5 
a Log. tan. Col, 3 Antilog. Col. 4 
bi Ca —4,)) (3-4) +2°138127 =Car 
62-30" FOO hae Q'IIQI85 1; 25 7202 18°085 
62° 00’ 6. SOARS "088883 ‘227010 16°865 
aPgeects) GoogG 450 056379 "194506 15°65 


Table VI is then made out for G = 1° 30’, and so on, the 
constants in column 4 being obtained in each case from the 
last column of Table ITT. 

Table I, when completed, will show the extent to which it 
is necessary to carry these calculations. For instance, it is 
found that the limit of longitude on either side of the centre 
meridian, along the upper margin of the chart (Lat. 62° 30’) 
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is 16 degrees, whilst along the lower margin (Lat. 47° 30’), 
it is only 1z degrees. The vertical margins of the finished 
sheet are shown as dotted lines in the diagram of Fig. 328. 
This means that from the table representing Cores ar 30% 

to the table representing G = 15° 30’, the tables may be 
made gradually shorter, neglecting the portions of the meri- 
dians not included in the finished sheet. A glance at Fig. 328 
will make this point clear. 

Hints on Drawing the Chart. Good quality cartridge 
paper must be used for the drawing and the room in which the 
work is carried out should be kept at an even temperature 
and humidity. The latter factor is an important one, as if 
_ the drawing is started on a damp day and not completed, it 
may be found on resuming the work on a subsequent dry 
day, that the paper has shrunk and rendered the whole thing 
useless, as none of the calculated data will now fit in with the 
new dimensions. Pasting the edges of the paper on to a 
drawing board is not a very satisfactory solution as it is 
difficult to avoid crinkling or tearing the paper, due to expan- 
sion and shrinking, and the only safe method is to prepare 
all the data beforehand and to choose a dry day for the drawing 
and complete it as rapidly as possible. To ensure complete 
accuracy, check measurements should be made on the drawing 
at the time it is lithographed (if this is done) to see that it 
has not shrunk. Jt may be pointed out by the way of warning 
that the simple process of tracing the chart and making 
“blue prints ”’ is practically out of the question as the printing 
papers used (or at any rate many of the commercial brands), 
shrink about 4 inch per foot in one direction and very much 
less than this in the direction at right angles. As a result 
of this, the finished 40” square chart will be distorted in one 
direction to the extent of about 3” to #", 

The instruments required for the “drawing consist of an 
accurate straight-edge, beam compasses, the usual drawing 
instruments and a moderately flexible steel rule at least as 
long as the maximum dimension of the chart, and which is 
graduated in inches, tenths and twentieths of an inch. Although 
it is not feasible to measure to a thousandth of an inch from 
a rule graduated in twentieths, yet it will be found that with 
the aid of suitable lighting and a small magnifying glass, 
the nearest hundredth can be estimated quite easily and greater 
accuracy than this is possible after a little practice. It is 
therefore worth the while to calculate all dimensions to the 
third place of decimals. This extreme accuracy may seem 
rather unnecessary in view of the fact that the average D.F. 
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is only reliable to within say about a quarter to half a degree, 
but experience shows that comparatively slight negligence 
in drawing the chart may lead to azimuthal errors quite 
comparable with the errors in observed D.F. bearings. 

Having drawn the centre meridian and marked the positions 
of the points a, b and C, a geometrical construction should 
be used to obtain the lines MN and P Q at right angles to 
ab. Set squares and T-square are not reliable for this, and 
it requires very careful work with beam compasses to obtain 
points through which to draw M N and P QO such that check 
measurements between M-P and N-QO are eee to within 
the thickness of a pencil line. 

The dropping of the perpendiculars from C on to the 
meridians a a’, b b’, etc., must also be performed in the same 
way by geometrical construction, with the possible exception 
of the meridians very close to the centre one. Having obtained 
all the. points C, C’, C’, C’", etc., a flexible steel rule should 
be placed on the drawing so as to pass through the points, 
and if any of them do not appear to lie on the smooth curve, 
their positions should be checked and corrected. 

When all the points on the meridians have been scaled off 
it is advisable to draw a smooth curve to represent each parallel, 
using the flexible steel rule, and again any point which is 
not on this curve should be checked. A’ number of such 
slight errors always occur amongst a mass of tabulated 
calculations. 

At this stage a few check bearings should be measured 
from the chart, the correct values of which have previously 
been calculated and provided these agree to within a few 
minutes of arc, the chart can be inked in and completed. 

The parallels need not be inked in as curves. If straight 
lines are drawn between successive meridians, on top of the 
pencil curve which has already been drawn, the resulting line 
cannot be distinguished, by eye, from a curve, and it is easier 
to draw and avoids the chances of smudging when using a 
flexible rule. The rule is also rather difficult to manipulate 
and needs at least two assistants. 

For convenience in the use of the chart, it will be advisable 
to have lines drawn for every 10 minutes of arc, which means 
that two lines will have to be drawn in each of the spaces 
between the meridian on the chart and similarly between 
the parallels. This sub-division entails nothing more than 
some rather tedious work with a small pair of spring bow 
compasses. As before, the parallels can be drawn as a suc- 
cession of straight lines between the points on the meridians 
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and having drawn a border the finished chart will now appear 
as in Fig. 329, which is a photograph of a corner of the actual 
chart (reduced to rather less than one-third full Sizer was 
already mentioned (page 176), it is convenient to mark the 


CNOMONIC CHART F. 


Fig.329.—Portion of Completed Graticule. 


scale of latitude with the numbers upside down in the right- 
hand margin and make use of the left-hand margin only. By 
doing this the chart may be turned upside down for use in 
southern latitudes and the figures in the left-hand margin will 
still be the right way up. 
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